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ABSTRACT

This document presents the findings of an extensive study of the raw
steel making operations of the iron and steel industry ror tne purpose
of daveloping effluent 1limitations gquidelines, Federal standards of
per formance, and pretreatment standards for this segment or the industry
to implement Sections 304, 306, and 307 of the "Act".

Effluent 1limitations guidelines contained herein set torth the effluent
quality attainable through +he application of the best practicable
control technology currently available (BPCTCA) and the erfluent quality
attainable through the application of the best available technoiogy eco-
nomically achievable (BATEA) which must be achieved by existing point
sources by July 1, 1977, and July 1, 1983, respectively. Tne standards
of performance for new sources (NSPS) contained herein set forth the
effluent quality which is achievable through the application of the best
available demonstrated control technology, processes, operating methods,
or other alternatives.

Supporting data and rationale for development cof the proposed effluent
limitations guidelines and standards of performance are containsd in
this report.

Notice: These are tentative recommendations based upon information in

this report and are subject to change based upon comments received and
further internal review by EPA.
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SECTION I
CONCLUSIONS

For the purpose of establishing effluent guidelines and standards of
performance for the raw steel making operations of the iron and steel
industry, the industry was divided into subcategories as follows:

I By Product Coke Subcategory

II Beehive Coke Sukcategory

IIT Sintering Sulkcategory

Iv Blast Furnace (Iron) Subcategory

\% Blast Furnace (Ferrcmanganese) Subcategory

VI Basic Oxygen Furnace (Semi Wet Air Pollution
Control Methods) Subcategory

VII Basic Oxygen Furnace (Wet Air Pollution
control Methods) Subcategory

VIII Open Hearth Furnace Subcategory

IX Electric Arc Furnace (Semi Wet Air Pollution
Control Methods) Sukcategory

X Electric Arc Furnace (Wet Air Pollution
Control Methods) Subcategory

XI Vacuum Degassing Subcategory
XII cContinuous Casting Sukcategory

The selection of these subcategories was based upon distinct difrerences
in type of products produced, production processes, raw materials used,
waste waters generated and control and treatment technologies employed.
Subsequent waste characterizations of individual plants substantiated
the validity of this subcategorization.

The waste characterizations of individual plants visited during this
study, and the guidelines developed as a result of the data colilected,
relate only to the aqueous discharges from the facilities, excluding
non-contact cooling waters. Consideration will be given at a later date
to proposing thermal discharge limitations on process and noncontact
cooling waters. Consideration will also be given at a later date to
proposing effluent limitations on the runoffs from stock piles, slag
pits and other fugitive waste sources.



The effluent guidelines established in this study are not dependent upon
the raw water intake quality. The 1limitations were derived by
determining the minimum flows, in volume per unit weight of product,
that can be achieved by good water conservation techniques and by
determining the effluent concentrations of the pollutant parameters that
can be achieved by treatment technology. The product of these is the
effluent limitations proposed.

The plant raw waste loads however, are, out of necessity, a net number
that reflects the pickup of contaminants across a production process in
a single pass. It was necessary to establish the raw waste load in this
manner in order to obtain a meaningful comparison of wastes generated
during production from a range of plants surveyed. Some plants utilized
once-through water systems, while many others used varying degrees of
reuse and/or recycle. Since the gross waste 1load to be treated
generally varied depending upon the extent of recycie used in the
system, the only way a meaningful raw waste loaa for a production
process could be determined was on a net basis.

As presented in Table 89, an initial capital investment or approximately
$144.9 million with annual capital and operating costs of $39.9 million
would be required by the industry to comply with the 1977 guidelines.
An additional capital investment of approximately $122.3 miliion with
added annual capital and operating costs of about $42.5 pallion would be
needed to comply with th 1983 guidelines. Costs may vary depending upon
such factors as location, availabkility of land and chemicals, flow to be
treated, treatment technology selected where competing alternatives
exist, and the extent of preliminary modifications required to accept
the necessary control and treatment devices.

The subcategories listed previously and this report represent Phase I of
the study to establish effluent guidelines for the steel industry.
Additional work to be completed under Phase II of this program includes
the remainder of SIC Industry Nos. 3312, 3315, 3316, 3317, 3321, 3322,
and 3323 as outlined in the 1967 SIC Manual.



SECTION II
RECCMMENDATIONS

The proposed effluent limitations guidelines for the 1iron and steel
industry representing the effluent quality obtainable by existing point
sources through the application of the best practicable control
technology currently available (BPCICA or Level I) for each industry
subcategory, are as follows:

I. By Product Coke Subcategory

BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product

or: 1lb pollutant per 1,000 1lb of product
Maximum Average of
Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant Parameter Shall Not Exceed Consecutive Days
*Cyanide (T) 0.0438 0.0219
Phenol 0.0029 0.0015
Ammonia 0.1825 0.0912
BOD5 0.2190 0.1095
0il & Grease 0.0219 0.0109
Suspended Sclids 0.0730 0.0365
pH 6.0 to 9.0

*Cyanide (T): Total cyanide. Reference ASTM D2036-72.



II. Beehive Coke Subcategory

Pollutant Parameter

BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product

1b pollutant per 1,000 1b of product

Maximum Average of
Daily Values for any
Period of 30

Consecutive Days

Maximum for any
One Day Period
Shall Not Exceed

*Cyanide (T)
Phenol

Ammonia

BOD

Sulfide

0il & Grease
Suspended Solids

pH

*Cyanide (T): Total

III.

or.:

Pollutant Parameter

Suspended Solids
0il & Grease

pH

cyanide.

No discharge of
process waste water
pollutants to
navigable waters

Reference ASTM D2036-72.

Sintering Subcategory

BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product
1b pollutant per 1,000 1lb of proauct

Maximum Average oOf
Daily Values for any
Period of 30

Consecutive_Days

Maximum for any
One Day Period
Shall Not Exceed

0.0208
0.0042
6.0 to 9.0

0.0104
0.0021



Iv.

or.

Pollutant Parameter

Suspended Solids
*Cyanide (T)
Phenol

Ammonia

pH

V.

or:

Pollutant Parameter

Blast Furnace (Iron)

Subcategory

BPCTCA Effluent Limitations

Units:

kg pollutant per kkg of product

ib pollutant per 1,000 1b of product

Maximum for any

One Day

Period

Shall Not_ Exceed

0.0521
0.0156
0.0042
0.1303

6.0 to 9.0

Maximum Average of
Daily Values for any
Period of 30
consecutive Days

0.0260
0.0078
0.0021
0.0651

Blast Furnace (Ferromanganese) Sukcategory

BPCTCA Effluent_Limitations

Units:

kg pollutant per kkg of product

1b pollutant per 1,000 1lb of product

Maximum for any

Maximum Average of

Da

One Day Period

Shall Not Exceed

Suspended Solids
*Cyanide (T)
Phenol

Ammonia

pH

*Cyanides (T): Total

0.2086
0.0625
0.0083
0.4172

cyanide.

ily Values for any
Period of 30

consecutive_Days

6.0 to 9.0

0.1043
0.0312
0.0042
0.2086

Reference ASTM D2036-72.



VI. Basic Oxygen Furnace (Semi Wet Air Pollution
Control Methods) Subcategory

BPCTCA Effluent Limjitations
Units: kg pollutant per kkg of product
or: 1lb pollutant per 1,000 1b of product

Maximum Average of

Maximum for any Daily Values for any

One Day Period Period of 30
Pollutant_Parameter Shall Not Exceed Consecutive Days
Suspended Solids No discharge of

process waste water

pH pollutants to navigable waters

VII. Basic Oxygen Furnace (Wet Air Pollution
Contrcl Methods) Sukcategory

BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product
or: 1b pollutant per 1,000 1lb of product

Maximum Average of

Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant Parameter Shall Not Exceed Consecutive_ Days
Suspended Solids 0.0208 0.0104
6.0 to 9.0

pH



VIII. Open Hearth Furnace Sukcategory

or:

e e e s S S e Wt Ve e S

Suspended Solids
pH

BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product
1lb pollutant per 1,000 1b of proauct

Maximum Average of

Maximum for any Daily Values for any
One Day Period Period of 30
Shall Not Exceed Consecutive Days
6.0208 0.0104
6.0 to 9.0

IX. Electric Arc Furnace (Semi Wet Air Pollution
Control Methods) Sukcategory

or:

Pollutant Parameter

BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product
1b pollutant per 1,000 1b of product

Maximum Average of

Maximum for any Daily values for any
One Day Period Period of 30
Shall Not Exceed Consecutive Days

Suspended Solids

PH

No discharge of
proccess waste water
pollutants to navigable waters

X. Electric Arc Furnace (Wet Air Pollution
Control Methods) Subkcategory

or:

Pollutant Parameter

BPCTCA Effluent Limitations
Units: kg pollutant per kkg of product
1b pollutant per 1,000 1b of product

Maximum Average otf

Suspended Solids
pH

Maximum for any Daily Values for any
One Day Period Period of 30
Shall Not Exceed Consecutive Days
0.0208 0.0104
6.0 to 9.0



XI. Vacuum Degassing Subcategory

BPCTCA_Effluent Limitations
Units: kg pollutant per kkg of product
or: 1lb pollutant per 1,000 1b of product

Maximum Average of

Maximum for any Daily values for any
One Day Period Period of 30
Pollutant_ Parameters Shall Not Exceed consecutive Days
Suspended Solids 0.0104 0.0052
pH 6.0 to 9.0

XII. Continuous Casting Subcategory

BCPTCA_Effluent Limitations
Units: kg pollutant per kkg of product
or: 1lb pollutant per 1,000 1b of product

Maximum Average of

Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant_Parameter Shall Not Exceed Consecutive Days
Suspended solids 0.0521 0.0260
0il & Grease 0.0156 0.0078
pH 6.0 to 9.0



The proposed effluent guidelines representing the effluent quality
obtainable by existing point sources through the application of the best

available technology economically achievable
each industry subcategory are as follows:

I. By Product Coke Subcategory

(BATEA oxr Level 1I) for

BATEA_Effluent Limitations
Units: kg pollutant per kkg of proauct
or: 1lb pocllutant per 1,000 1b of product

Maximum Average of

Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant Parameter Shall Not Exceed Consecutive Days
*Cyanide (A4) 0.0002 0.0001
Phenol 0.0004 0.0002
Ammonia 0.0083 0.0042
BOD5 0.0166 0.0083
Sulfide 0.0003 0.0001
Oil & Grease 0.0083 0.0042
Suspended solids 0.0083 0.0042
PH 6.0 to 9.0

II. Beehive Coke Subcategory

BATEA Effluent Limitations

Units: kg pollutant per kkg of product
or: 1b pollutant per 1,000 1b of product

Maximum Average of
Maximum for any Daily Values for any

One Day Period

Period of 30

Parameter Shall Not_ Exceed Consecutive Days

*Cyanide (&)

Phenol

Ammonia No discharge of

BODS process waste water

Sulfide pollutants to navigable waters

0il & Grease
Suspended Solids

pH

*Cyanide (A): Cyanide amenable to chlorination.

Reference ASTM D 2036-72.



IIT. Sintering Subcategory

BATEA Effluent Limitations
Units: kg pollutant per kkg of product
or: 1b pollutant per 1,000 lb of product

Maximum Average of

Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant Parameter Shall Not Exceed consecutive_Days
Suspended Solids 0.0104 0.0052
0il & Grease 0.0042 0.0021
Sulfide 0.00012 0.00006
Fluoride 0.0083 0.0042
pH 6.0 to 9.0

IV. Blast Furnace (Iron) Subcategory

BATEA Effluent Limitations
Units: kg pollutant per kkg of product
or: 1b pollutant pexr 1,000 1b of product

Maximum Average of

Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant Parameters Shall Not Exceed Consecutive Days
Suspended Solids 0.0104 0.0052
*Cyanide (A) 0.00026 0.00013
Phenol 0.00052 0.00026
Ammonia 0.0104 0.0052
Ssulfide 0.00031 0.00016
Fluoride 0.0208 0.0104
pH 6.0 to 9.0

*Cyanide (A): Cyanides amenable to chlorination. Reference ASTM D2036-72.
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V. Blast Furnace (Ferromanganese) Sukcategory

BATEA Effluent Limitations
Units: kg pollutant per kkg of product
or: 1lb pollutant per 1,000 1b of product

Maximum Average of

Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant Parameter Shall Not_ Exceed Consecutive Days
Suspended Solids 0.0208 0.0104
*Cyanide (A) 0.00052 0.00026
Phenol 0.00104 0.00052
Ammonia 0.0208 0.0104
Sulfide 0.00062 0.00031
Manganese 0.0104 0.0052
pH 6.0 to 9.0

*Cyanide (A) : Cyanides amenable to chlorination. Reference D 2036 - 72.

VI. Basic Oxygen Furnace (Semi Wet Air Pollution
Control Methods) Sukcategory

BATEA Effluent Limitations

. S A S S ——— S e . e A S S S s S,

Maximum Average of

Maximum for any Daily values for any
One Day Period Period of 30
Pollutant Parameter Shall Not Exceed Consecutive Days
Suspended Solids No discharge of
Fluoride process waste water
pH pollutants to navigable waters

11



VII. Basic Oxygen Furnace (Wet Air Pollution
Control Methods) Sukcategory
BATEA Effluent Limitations
Units: kg pollutant per kkg of product
or: 1lb pocllutant per 1,000 1b of product
Maximum Average of
Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant_ Parameter Shall Not Exceed consecutive Days
Suspended Solids 0.0104 0.0052
Fluoride 0.0083 0.0042
pH 6.0 to 9.0
VIII. Open Hearth Furnace Subcategory
BATEA Effluent Limitations
Units: kg pollutant per kkg of product
or: 1lb pollutant per 1,000 1b of proauct
Maximum Average of
Maximum for any Daily values for any
One Day Pericd Period of 30
Pollutant Parameters Shall Not_ Exceed consecutive_Days
Suspended Solids 0.0104 0.0052
Fluoride 0.0083 0.0042
Nitrate (as NO3) 0.0187 0.0094
Zinc 0.0021 0.0010
pH 6.0 to 9.0
IX. Electric Arc Furnace (Semi Wet Air Pollutjion
Control Methods) Sukcategory
BATEA Effluent_Limitations
Units: kg pollutant per kkg of product
or: lb pollutant per 1,000 1lb of product
Maximum Average of
Maximum for any Daily Values for any
One Day Period Period of 30
Pollutant Parameter Shall Not Exceed consecutive Days
Suspended Solids No discharge of
Zinc process waste water
Fluoride pollutants to navigable waters
PH

12



Electric Arc Furnace
control Methods) Su

X.

Units:

or:

Pollutant Parameter

Suspended Solids
Fluoride

Zinc

pH

(Wet Air Pollution
bcategory

BATEA_Effluent Limitations
kg pollutant per kkg of product
1b pollutant per 1,000 1lb of product

Maximum Average of
Daily Values for any
Period of 30
consecutive Days

Maximum for any
One Day Period
Shall Not Exceed

0.0104 0.0052

0.0083 0.0042

0.0021 0.0010
6.0 to 9.0

XI. Vacuum Degassing Subcategory

Units:

or:

Pollutant Parameter

Suspended Solids
Zinc

Manganese

Lead

Nitrate (as NO3)

pH

XII. Continuous Casting

Units:
1b pollutant per 1,000 1lb of product

or.:

Pollutant_Parameter

Suspended Solids
0il & Grease

pH

BATEA Effluent Limitations
kg pollutant per kkg of product
1b pollutant per 1,000 1b of product

Maximum Average of
Daily Values for any
Period of 30
consecutive_ Days

Maximum for any
One Day Period
Shall Not Exceed

0.0052 6.0026
0.0010 0.0005
0.6010 0.0005
0.0001 0.00005
6.0094 0.0047
6.0 to 9.0
Subcategory

BATEA Effluent Limitations
kg pollutant per kkg of product

Maximum Average of
Daily Values for any
Period of 30
consecutive Days

Maximum for any
One Day Period
Shall Not Exceed

0.0104
0.0104

0.0052
0.0052
6.0 to 9.0

13



The proposed effluent guidelines representing the effluent quality
attainable by new sources (NSPS or Level III) through the application of
the best available demonstrated control technology, (BADCT) processes,
operating methods or other alternatives for each industry sub-category
are as follows:

Same as BATEA for all categories.

14



SECTION III
INTRODUCTION

Purpose_and_Authority

Section 301(b) of the Act requires the achievement by not later than
July 1, 1977, of effluent limitations for point sources, ther than
publicly owned treatment works, which are based on the application of
the best practicable control technology currently available as defined
by the Administrator pursuant to Section 304 (b) of the Act. Section
301 (b) also reguires the achievement by not later than July 1, 1983, of
effluent 1limitations for point sources, other than publicly owned
treatment works, which are Lkased on the application of the best
available technology economically achieveable whicn will result in
reasonable further progress toward the national goal of eliminating the
discharge of all pollutants, a&as determined in accordance with
regulations issued by the Administrator pursuant to Secticn 304(b) to
the Act. Section 306 of the Act requires the achievement by new sources
of a Federal standard of performarnce providing for the control of the
discharge of pollutants which reflects the greatest degree of effluent
reduction which +the Administrator determines to be acheivable through
the application of the best available demcnstrated control technology,
processes, operating methods, or other alternatives, including, where
practicable, a standard permitting no discharge of pollutants.

Section 304 (b) of the Act requires the Administrator to publish within
one year of enactment of the Act, regulations providing guidelines for
effluent limitations setting forth the degree of practicaonle control
technology currently available and the degree of efrliuent reduction
attainable through the application of the best c¢ontrol measures and
practices achievable including treatment techniques, process and pro-
cedure innovations, operation methods and other alternatives.

Section 306 of the Act requires the Administrator, within one year after
a category of sources is included in a 1list published pursuant to
Section 306 (b) (1) (2) of the Act, to propose regulations establishing
Federal standards of performances for new sources within such
categories. The Administrator published in the Federal Register of
January 16, 1973, a list of 27 source categories. Publication of the
list constituted announcement of the Administrator's intention of
establishing, under Section 306, standards of performance applicable to
new sources within the iron and steel industry which was included within
the list published January 16, 1973.

Summary _of Methods_Used for Development of the Effluent
Limitations_Guidelines and_Standards of Performance

The effluent 1limitations guidelines and standards ot pertformance
proposed herein were developed in the following manner. The point
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source category was first studied for the purpose of determining whether
separate limitations and standards would be required for different
segments within a point source category. The analysis was based upon
raw material used, product produced, manufacturing process employed, and
other factors. The raw waste characteristics for each subcategory were
then identified. This included an analyses of (1) The source and volume
of water used in the process employed and the sources of waste and
wastewaters in the plant; and (2) the constituents (including thermal)
of all wastewaters including toxic constituents and other constituents
which result in taste, odor, and color in water. The constituents of
wastewaters which should be subject to effluent 1limitations guidelines
and standards of performance were identified.

The full range of contrcl and treatment technologies existing within
each subcategory was identified. This included an identification of
each distinct control and treatment technology, including both inplant
and end-of-process technologies, which are existent or capable of being
designed for each subcategory. It also included an identification in
terms of the amount of constituents (including thermal) and the
chemical, physical, and rkiological characteristics of pollutants, of the
effluent level resulting from the application of each of the treatment
and control technologies. The problems, limitations and reliability of
each treatment and control technology and the required implementation
time was also identified. In addition, the non-water quality
environmental impact, such as the effects of the application of such
technologies upon other pollution problems, including air, solid waste,
noise and radiation were also identified. The energy requirements of
each of the control and treatment technologies were identified as well
as the cost of the application of such technologies.

The information, as outlined above, was then evaluated in order to
determine what levels of technology constituted the "best practicable
control technology currently available," "best available technology
economically achievable" and the "best available demonstrated control
technology, processes, operating methods, or other alternatives." In
identifying such technologies, various factors were considered. These
included the total cost of application of technology in relation to the
effluent reduction benefits to ke achieved from such appliication, the
age of equipment and facilities involved, the process employed, the
engineering aspects of the application of various types o0f control
techniques, process changes, non-water quality environmental impact
(including energy requirements) and other factors.

The data for identification and analyses were derived from a number of
sources. These sources included EPA research information, EPA and State
environmental personnel, trade associations, published literature,
qualified technical consultation, and on-site visits incliuding sampling
programs and interviews at steel plants throughout the United States
which were known to have above average waste treatment facilities. All
references used in developing the guidelines for effluent limitations

16



and standards of performance for new sources reported herein are 1listed
in Section XIII of this document.

Operating steel plants were visited and information ana samples were
obtained on from one to five plants in each of the subcategories. Both
in-process and end-of-pipe data were obtained as a basis for determining
water wuse rates and capabilities and effluent 1loads. The permit
application data was of limited value for the purposes of this study
since most of this data is on outfalls serving more than one operation
and frequently was deficient in cne or more of the components needed to
correlate the data. The following capital and cperating cost data sheet
and test data sheets, e.g. EPA Form B, for raw waste, treated effluent,
and service water were given to the plants, at the time of the sampling
visit, for completion relative to the operation or operations studied at
a given plant. The plants were requested to return this information,
together with production data to the study contractor.

General Description of the_ Industry

Although the making of steel appears to be simple, many problems are
encountered when a great gquantity of raw materials and resources are
brought together to ultimately produce steel. Steel mills may range
from comparatively small plants to completely integrated steel
complexes. Even the smallest of plants will generally represent a fair
sized industrial complex. Because of the wide product range, the
operations will vary with each facility. The steel oriented may fail to
realize that those unfamiliar with the steel industxry may tind it
difficult to comprehend the complexity of this giant operation.

It was not until the mid-fifties that the industry began to look at iron
and steelmaking as unit operations that required a better knowledge of
the kinetics of competing reactions. Since this initial change in
thinking, the adoption of advanced technology has become a way of life
for the steel industry.

Approximately ninety-two per cent (92%) of the 1972 total United States
annual steel ingot production was produced by fifteen major steel
corporations. This total also represents 22.5% of the world total of
556,875,000 metric tons (625,000,000 ingot tons). Table 1 presents the
breakdown by corporation. The year cf record for steel ingot production
was 1969 with 127,887,000 kkg (141,000,000 ingot tons) being produced.
Table 2 presents a breakdown by area of the major corporations and their
production 1levels of coke, iron, and steel. Approximately 59,000,000
kkg (65,000,000 tons), of coke, 75,000,000 kkg (83,000,000 tons) of
iron, and 121,000,000 kkg (134,000,000 tons) of steel were produced for
the year 1972.

Product Classification
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TABLE 1

United States Annual Steel Ingot Ton Production
Major Producers
1972

United States Steel
Bethlehem Steel
Republic Steel
National Steel

Armco Steel

Jones & Laughlin Steel
Inland Steel
Youngstown Sheet & Tube
Wheeling Pittsburgh
Kaiser

McLouth

Colorado Fuel & Iron
Sharon

Interlake

Alan Wood

Metric Tons/Year

Ingot Tons/Year

18

31,750,000
19,960,000
9,980,000
9,520,000
7,710,000
7,280,000
6,800,000
5,440,000
3,540,000
2,720,000
1,819,000
1,360,000
1,360,000
907,000
907,000

35,000,000
22,000,000
11,000,000
10,500,000
8,500,000
8,000,000
7,500,000
6,000,000
3,900,000
3,000,000
2,000,000
1,500,000
1,500,000
1,000,000
1,000,000



TABLE 2

Production Levels by Area
Metric Tons

(Metric Tons X1.102 = Short Tons)

Coke

PITTSBURGH, PENNSYLVANIA AREA
United States Steel

Duquesne ——

Edgar Thompson -

Homestead ———

Clairton 7,150,000
Bethlehem Steel

Bethlehem 1,900,000

Johnstown 1,260,000
Jones & Laughlin Steel

Aliquippa 1,520,000

Pittsburgh 1,800,000
Wheeling-Pittsburgh Steel

Monessen 563,000
Sharon

Roemer -

Fairmont, W. Va. 215,000
CHICAGO, ILLINOIS & GARY, INDIANA
United States Steel

Gary 4,560,000

South wWorks, Chicago, 1I1. -
Bethlehem Steel

Burns Harbor N.A.
Inland Steel

Indiana Harbor 2,910,000

19

Iron

2,750,000
858,000

1,920,000
492,000

2,720,000
1,720,000

2,420,000
844,000

951,000

939,000

4,560,000
1,490,000

3,310,000

4,900,000

Steel

3,720,000
1,600,000
3,100,000

2,270,000
1,990,000

2,980,000
1,270,000

1,450,000

1,360,000

3,590,000
2,060,000

4,440,000

6,800,000



TABLE 2 (Cont'd.)

Republic Steel

Chicago N.A,

Youngstown Sheet & Tube

East Chicago, Indiana 1,340,000
Interlake

Chicago 613,000

Toledo 546,000

YOUNGSTOWN, OHIO AREA

United States Steel

Youngstown
Armco Steel
Middletown, Ohio 281,000

Hamilton, Ohio 610,000

Republic Steel

Youngstown, Ohio 874,000
Warren, Ohio 430,000

Youngstown Sheet & Tube

Campbell 1,320,000
Brier Hill 330,000

BUFFALO, NEW YORK AREA

Bethlehem Steel

Lackawanna 2,050,000

National Steel

Hanna, Buffalo -

Republic Steel

Buffalo -
Donner—-Hanna Coal
Buffalo 546,000

1,090,000
1,810,000
680,000

740,000

978,000

800,000
501,000

728,000
1,640,000

853,000
573,000

4,490,000

272,000

497,000

{Serves National & Republic)

1,810,000
2,630,000
907,000

1,620,000

1,420,000
975,000

1,810,000

1,570,000
1,040,000

5,970,000

680,000



TABLE 2 (Cont'd.)

WHEELING, WEST VIRGINIA AREA

National Steel

Weirton

wWheeling-Pittsburgh

Wheeling
Steubenville, Ohio

DETROIT, MICHIGAN AREA

National Steel

Ecorse, Michigan

McLouth Steel

Trenton, Michigan
CLEVELAND, OHIO AREA

Republic Steel

Cleveland

Jones & Laughlin Steel

Cleveland

United States Steel

Lorain Works

MISCELLANEOUS AREAS

United States Steel

Fairless-Philadelphia

Fairfield-aAlabama

Geneva-Provo, Utah

Baytown, Texas
National Steel

1,570,000

1,590,000

1,620,000

1,890,000

993,000
2,270,000

1,660,000

Granite City-St. Louis, Mo. 710,000

2,170,000

1,400,000

2,400,000

1,660,000

2,450,000

1,750,000

1,210,000

2,160,000
1,880,000
1,780,000

907,000

3,230,000

2,090,000

3,260,000

1,810,000

3,180,000

2,190,000

1,870,000

3,300,000
3,060,000
2,060,000

500,000

1,360,000



TABLE 2 (Cont'd.)

Armco Steel

Ashland, Kentucky
Houston, Texas

Bethlehem Steel

Sparrows Point, Md.

Republic Steel

Gadsden, Alabama
Birmingham, Alabama
Massillon, Ohio
Canton, Ohio

Kaiser Steel

Fontana, California

CF&I Steel Corporation

Pueblo, Colorado

Roebling, N.J.
Alan Wood

Conshohocken, Pa.
Interlake

Erie, Pennsylvania

22

365,000

3,010,000

464,000
315,000
166,000

1,360,000

1,040,000

525,000

242,000

1,040,000
550,000

5,560,000

895,000
310,000
290,000

2,070,000

939,000

544,000

380,000

1,440,000
700,000

7,420,000

1,360,000

800,000

2,720,000

1,360,000
230,000

907,000



The U. S. Bureau of Census, Census of Manufacturers classifies the steel
industry under Major Group 33 - Primary Metal Industries. This phase of
study covers the coking (excluding the technology related to coke plant
wastewater treatment by multiple effect evaporation), biast furnace -
sinter plant, iron casting, steel manufacturing and steel casting
segments of SIC Industry No. 3312 as it pertains to the iron and carbon
steel industry. This includes all processes, subprocesses, and
alternate processes involved in the manufacture of intermediate or
finished products in the above categories. A detailsd iist of product
codes within the industry classification code 3312 is included in Table
3.

Anticipated Industry Growth

Steel in the United States is a $22.47 billion a year business. The
industry is third in the nation, behind the automotive ana petroluem
industries, in the value of its total shipments and, with 487,000
employees, 1is second only to the automotive industry in the number of
people who work for it. Over the decade since 1962, the steel industry
has grown 60% from sales of $14.0 to $22.47 billion.

In 1972 steel climbed back from its worst market in over a decade
showing a steady improvement in the early part of the year. Both raw
steel production and finished mill product shipments were up
substantially from l2-year lows reached late summer of 1971. As steel
demand improved, so did steel employment. The number of persons carried
on domestic steelmaker payrolls increased steadily during the first
quarter, after hitting a 32-year low in November, 1971. Just how fast
the economic position of the nation's steel industry improves, however,
depends to a large extent on one important imponderable: 1MpPOrts. In
the first two months of 1972, for instance, foreign steel accounted for
one-seventh of the nation's apparent steel consumption.

General Description of the Operations

Three basic steps are involved in the production of steel. First, coal
is converted to pure carbon, coke. Second, coke is then combined with
iron ore and limestone in a blast furnace to produce iron. Thira, the
iron 1is purified into steel in either an open hearth, basic oxygen, or
electric furnace. Further refinements include degassing by subjecting
the steel to a high vacuum. Steel that is not cast into ingot molds can
be cast into a process called continuous casting. The flow of a typical
steel mill is shown in Figure 1.

Coke plants are operated as parts of integrated steel mills to supply
the coke necessary for the production c¢f iron in blast furnaces. Nearly
all coke plants today are byproduct plants, i.e., products such as coke
oven gas, coal tar, crude and refined light oils, ammonium sulfate,
anhydrous ammonia, ammonia 1liquor, and naphthalene are produced in
addition to coke. A very small portion of coke is also produced in the
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beehive coke process which is also discussed in this report. A by-
product coke plant consists essentially of the ovens in which bituminous
coal 1is heated, out of contact with air, to drive off the volatile
components. The residue remaining in the ovens is coke; the volatile
components are recovered and processed in the by-product plant to
produce tar, light oils, and other materials of potential wvalue,
including coke oven gas.

Molten iron for subsequent steelmaking operations is normaily produced
in a blast furance. The blast furnace process consists essentiaily of
charging iron ore, limestone, and ccke into the top of the turnace and
blowing heated air into the bottom. Combustion of the coke provides the
heat necessary to obtain the temperature at which the metallurigical
reducing reactions take place. The function of the limestone is to form
a slag, fluid at the furnace temperature, which combines with unwanted
impurities in the ore. One and eight tenths kkg of ore, 0.45 Kkkg of
coke, 0.45 kkg of limestone and 3.2 kkg of air (2, 0.5, 0.5 and 3.5 tons
respectively) produce approximately 0.9 kkg of iron, 0.45 kkg of slag
and 4.5 kkg of blast furnace gas containing the fines of the burden
carried out by the blast (one ton of iron, 0.5 tons of slag and 5 tons
of gas). These fines are referred to as flue dust. Molten iron is
periodically withdrawn from the bottom of the furnace; the rluid slag
which floats on top of the iron is also periodically withdrawn from the
furnace. Blast furnace flue gas has considerable neating value and,
after cleaning, is burned to preheat the air blast to the furnace.

The blast furnace auxiliaries consist of the stoves in which the blast
is preheated, the dry dust catchers in which the bulk of the flue dust
is recovered, primary wet cleaners in which most of the remaining flue
dust 1is removed by washing with water, and secondary cleaners such as
electrostatic precipitators.

The principal steelmaking methods in use today are the Basic Oxygen
Furnace (BOF or BOP), the Open Hearth Furnace, and the Eiectric Arc
Furnace. The steelmaking processes all basically refine the product of
the blast furnace blended with scrap oxr scrap alone, and alloying
elements to required analyses for particular purposes. Steel 1is any
alloy of iron containing less than 1.0% carbon. The steeimaking process
consists essentially of oxidizing constituents, particularliy carbon,
down to specified low levels, and then adding wvarious elements to
required amounts as determined by the grade of steel to be proauced.

The basic raw materials for steelmaking are hot metal or pig iron, steel
scrap, limestone, burned 1lime, dolomite, fluorspar, iron ores, iron-
bearing materials such as pellets or mill scale.

The steelmaking processes produce fume, smoke, and waste gases as the
unwanted impurities are burned off and the process vaporizes or entrains
a portion of the molten steel into the off-gases. Other impurities
combine with the slag which floats on the surface of the oath and is
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separately withdrawn. Wastewater results from the steelmaking processes
when wet dust collection systems are used on the furnaces anda in the
slag handling operations.

Although declining in recent years, 30 percent of the steel produced in
the United States 1is still made in ogen hearth furnaces. Open hearth
furnaces, while similar in design, may vary widely in tonnage capacity.
The furnaces found in this country range in capacity from 9 to 545 kkg
(10 to 600 ton) per heat.

The steelmaking ingredients (iron, scrap, limestone, alloys, etc.) are
charged into the front of the furnace through movable doors. Flame to
"cook" the steel is supplied by liquid or gaseous fuel which i1s ignited
by hot air.

The molten steel is tapped from the furnace back when ordered
specifications have been obtained. In the standard furnace, this occurs
8-10 hours after the first charge. Many furnaces use oxygen lances
which c¢reate a more intense heat and reduce charge-to-tap time. The
tap-to-tap time for the oxygen-lanced open hearth probably averages
about 8 hours, with about 10 hours being the average when oxygen is not
used.

The open hearth furnace allows the operator, in effect, to "cook" the
steel to required specifications. The nature of the furnace permits him
to continually sample the batch content and make necessary additions.
The major drawback of the process is the lonag time required to produce a
"heat". Many basic oxygen furnaces can produce eight times the steel of
a comparable open hearth over the same reriod of production time.

Since the introduction in the United States of the more productive basic
oxygen process, open hearth production has declined from a peak of 93
million kkg (102 million +tons) in 1956 to 32 million kkg (35 million
tons) in 1971. The basic oxygen furnace steel production first equaled
that from open hearths in 1969. The kasic oxygen furnace 1is now clearly
the major steelmaking process.

Vessels for +the basic oxygen process are generally vertical cylinders
surmounted by a truncated cone. High-purity oxygen is suppiied at high
pressure through a water-cooled tube mounted above the center of the
vessel. Scrap and molten iron are charged tc the vessel and a flux is
added. The oxygen lance is lowered and oxygen is admitted. A violent
reaction occurs immediately and the resultant turbulence brings the
molten metal and the hot gases 1into intimate contact, causing the
impurities to burn off quickly. An oxygen blow of 18 to 22 minutes is
normally sufficient to refine the metal. Alloy additions are made and
the steel is ready to be tapped.

A basic oxygen furnace can rroduce 180 to 270 kkg (200 to 300 tons) or
more of steel per hour and allows very close control of steel quality.
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A major advantage of the process is the ability to handle a wide range
of raw materials. Scrap may be light or heavy, and the oxide charge may
be iron ore, sinter, pellets, or mill scale.

The annual production of steel in the United States by the basic oxygen
process has increased from about 545,000 kkg (600,000 tons) in 1957 +to
58 million kkg (64 million tons) in 1971. It is anticipated that basic
oxygen production will continue to increase at the expense of open
hearth production.

The electric-arc furnace is uniquely adapted to the production of high-
quality steels; however, most of the production is carbon steel.
Practically all stainless steel is produced in electric-arc furnaces.
Electric furnaces range up to 9 meters (30 feet) in diameter and produce
from 1.8 to 365 kkg (2 to 400 tons) per cycle in 1.5 to 5 hours.

The cycle in electric furnace steelmaking consists of the scrap charge,
the meltdown, the hot metal charge, the molten-metal period, the boil,
the refining period, and the pour. The required heat is generated by an
electric arc passing from the electrodes to the charge in the furnace.
The refining process is similar to that of the open hearth, but more
precise control is possible in the electric furnace. Use of oxygen in
the electric furnace has been common practice for many years.

Electric-arc furnaces are to be found in almost every integrated steel
mill. Many mills operate only electric furnaces, using scrap as the raw
material. In most "cold shops" the electric-arc furnace 1is the sole
steelmaking process.

The annual production of steel in the electric-arc furnace has increased
from about 7.2 million kkg (8 million tons) in 1957 to some 19 million
kkg (21 million tons) in 1971. Although electric-arc furnaces have been
small in heat capacity as compared to open hearth or basic oxygen
furnaces, a trend towards larger furnaces has recently aeveloped.
Electric-arc furnaces are the principal steelmaking process utilized by
the so-called mini steel plants which have been built since World War
IT1.
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SECTION IV
INDUSTRY CATEGORIZATION

An evaluation of the steel making operations was necessary to determine
whether or not subcategorization would be required in order to prepare
an effluent limitations guideline or guidelines which would be broadly
applicable and yet representative and appropriate for the operations and
conditions to be controlled. Toward this end an understanding of the
operations was required.

Description of Operations to Make Raw Steel

Coke Manufacturing

Coke manufacturing is performed as part of an integrated steeli mill's
function to supply coke which 1is a basic raw material for the blast
furnace. There are two generally accepted methods for manufacturing
coke. These are known as the beehive process (nonrecovery) and the by-
product or chemical recovery process.

In the by-product method, air is excluded from the coking cnambers, and
the necessary heat for distillation is supplied from external combustion
of fuel gases in flues located within dividing walls between adjacent
ovens. Today the by-product process produces about ninety-nine (99)
percent of all metallurgical coke. Economic factors have changed the
traditional by-product plant orperation. Although coke oven gas still
remains as a valuable by-product for internal use, the production of
light oils, ammonium sulfate and sodium phenolate are not wusually
profitable.

In the Dbeehive process, air is admitted to +the ccking chamber in
controlled amounts for the purpose o©f burning the volatile products
distilled from the coal to generate heat for further distallation. The
beehive produces only coke and no successful attempts have been made to
recover the products of distillation.

Coke Making - By-Product Oreration

The desire for a higher quality coke and the eccnomic use of by-products
provided the initial impetus in the development of the by-product coke
oven.

A by-product coke plant consists essentially of +the ovens in which
bituminous coal 1s heated, out of contact with air, to drive off the
volatile components. The residue remaining in the ovens is coke; the
volatile componants are recovered and processed in the by-product plant
to produce tar, light oils, and other materials of potential value,
including coke oven gas. This process 1is accompliished in narrow,
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rectangular, silica brick ovens arranged side by side in groups called
batteries. Each coke oven is typically 45 centimeters wide, 4.5 meters
high, and 12 meters long (approximately 0.5 x 5 x 13 yards). Heat is
applied by burning gas in flues located between the walls of adjacent
ovens. About forty (40) percent of the gas produced by the coking
process is used to heat the coke ovens. The remaining gas is used as a
fuel in other mill operations.

Coal is charged through holes into the tops of the ovens from hopper
bottom cars which run on tracks over the top of the battery. During the
sixteen (16) to twenty-four (24) hour coking period, tne gases and
volatile materials distilled from the ccal, escape through the ascension
pipes on the top of the ovens and pass into the collection main which
runs the length of the battery. At the end of the coking period, the
doors are removed from each end of an oven and the pushing machine
pushes the red hot coke into the quenching car. The quenching car moves
to the quenching tower where the coke is cooled by water sprays, and the
cooled coke is delivered to handling equipment for subsequent use. Much
of the quench water is evapcrated in the quench tower. The remainder
flows to a settling basin where fine coke particles settle out and are
periodically removed. The clarified water is recycled to the quenching
tower. The settling basin may overflow if an excess of water is in the
system, resulting in a source of wastewater.

In the reduction of coal tc coke, the coal volatiles are collected
through pipes from each oven into a large gas main running the length of
the battery. These hot gases, which are withdrawn from the main under
suction by exhausters, are given an initial cooling by spraying with
water which lowers the temperature and saturates the gas with water
vapor. This water is known as flushing liquor. This initial cooling
condenses a large portion of the tar in the raw gas. The condensed tar
and flushing liquor mixture flows down the suction main and is conveyed
to a decanter tank. The partially cooled gas, still under suction, then
passes through primary coolers where the temperature is further reduced
by indirect application of cooling water.

The condensate resulting from the cooling is pumped to the decanter and
mingled with the tar and flushing liquor from the collecting main. The
tar and liguor are separated by gravity, the lighter tar being pumped to
storage and a portion of the 1liquor being recirculated as flushing
ligquor. The process actually produces water which originates from the
moisture in the coal. This excess liquid, called ammonia liguor, is
drawn off the decant tank and pumped to storage. The tar contains a
large proportion of the coal chemicals rroduced in the ovens.

The ammonia absorber normally follows the tar extractor, but this will

be discussed 1later in conjunction with the ammonia still and
dephenolizers.
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Following the ammonia absorber, the gas passes through the final coolers
in which water sprays dissolve soluble constituents and flush out the
insoluble naphthalene which is condensed at this point. The water flows
to the naphthalene sump where the naphthalene is recovered by skimming
and then to a cooling tower for recirculation through the final cooler.
A properly designed closed recirculation system should have little or no
discharged wastewater here, since the cooling tower evaporation balances
the moisture condensation from the gas. When other than a closed system
is used, final cooler water can be the largest source of contaminated
wastewater.

From the final coolers, the gas passes through the gas scrubbers in
which the crude 1light o0ils are removed by an absorbent generaily Kknown
as wash oil. The crude 1light oils contain the materials which are
further separated and recovered in the by-product plant. The gas then
goes to a gas holder for use in underfiring the coke ovens and a bcoster
pump which sends it to the other mill uses.

Following the gas scrubbers, the light o0ils are stripped from the wash
0il absorbent by steam distillation; the wash o0il 1is cooled and
recirculated to the gas scrubbers. The vapors leaving the wash oil
still are condensed in the light c¢il condenser and then flow to the
light o0il decanter where the 1light o0il and condensed water are
separated. Indirect cooling is generally used in the wash 0il cooler
and 1light o0il condenser and no wastewaters are produced. The water
separated from the light o0il in the decanter 1is a major source of
wastewater.

Two processes are used in the United States for ammonia recovery. They
are referred to as semi-direct and indirect. Approximately eighty-five
(85) percent of the ammonia produced in coke plants is recovered as
ammonium sulfate by the semi-direct process. The balance 1s produced as
concentrated ammonia liquor by the indirect process.

In the indirect ammonia recovery process, a portion of the ammonia is
dissolved in the flushing liquor. Additional ammonia is scrubbed from
the gas with water. An ammonia still is used to concentrate the ammonia
liquor for sale in this form.

In the semi-direct ammonia recovery process, the ammonia absorber, or
saturator, follows the tar extractor. Here the gas passes through a
dilute sulfuric acid solution in a closed system from which ammonium
sulfate is crystallized and dried for sale.

The ammonia still receives the excess ammonia liquor from which ammonia
and other volatile compounds are steam distilled. From the iree leg of
the ammonia still, ammonia, hydrogen sulfide, carbon dioxiae, and
hydrogen cyanide are steam distilled and returned to the gas stream.
Milk of lime is added to the fixed leg of the ammonia stiil to decompose
ammonium salts; the liberated ammonia 1is steam distillea and also
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returned to the gas stream. The ammonia liberated in the ammonia still

is

recovered from the gas as additional ammonium sulfate in the

saturators.

Dephenolizers remove phenol from the ammonia liquor and recover it as
sodium phenolate. The two most generally employed methods to accomplish
phenol removal are liquid extraction and vapor recirculation.

a.

Liquid_Extraction

In this method, phenol is extracted from the ammonia liquor with a
selected solvent before the 1liquor goes to the ammonia stills.
Benzol or 1light o0il have been found +to0 be good solvents. A
substantial part of the phenol is then removed from the solvent by
distillation or by extraction with strong caustic solution.

The 1liquid extraction plant consists of two extraction vessels, one
for the removal of phenols from the ammonia liquor, and one for the
recovery of phenols from the solvent. Suitable means for providing
intimate contact between the solvent and the ammonia liguor is
incorporated in the first extractor. The benzol or light oil,
carrying the phenol in solution, is then treated in washers with
caustic soda to recover the rhenol as sodium phenolate. These units
are quite efficient, consistently removing and recovering from
ninety (90) to ninety-five (95) percent of the phenol from the
ammonia liquor.

Vapor_ Recirculation

This process utilizes the vapor pressure of phenol and operates in
conjunction with the ammonia still. The ammonia liquor first is
distilled in the free leg of the ammonia still in order to remove
the maximum quantities of the acidic gases, hydrogen suifide, carbon
dioxide, and hydrogen cyanide, but the minimum amount of phenol.

The ammonia liquor leaving the Ltase of the "free leg" is then
transferred to the dephenolizing wunit, where the phenols are
removed. The dephenolized liquor is returned to the "liime leg".

In the operation of the dephenolizing unit, the 1liquor is pumped
into the top of a dephenolizing tower consisting of two main
sections. In the upper section, it passes downward over wood
hurdles and meets a countercurrent flow of steam which vaporizes the
phenols.

The 1liquor from the base of the upper section returns to the lime
leg of the ammonia still. The phenol vapors and steam axre carried
into the bottom of the tower and travel upward through steel
turnings where they meet a countercurrent flow of caustic soda which
extracts the phenols and forms sodium phenolate.
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This operation is conducted at 100°C. At this temperature, the
equilibrium of the phenol-sodium phenolate reaction is such that a
suitable balance between the utilization of sodium hydroxide and the
loss of phenol results in the conversion of about fifty (50) percent
of the available sodium hydroxide into sodium phenolate with a 1loss
of about five (5) percent of the phenol.

The coke oven gas is sometimes further purified following the light oil
scrubbers to remove hydrogen sulfide. The carbonate process is
sometimes used to recover elemental sulfur for sale. Some plants employ
no ammonia stills or saturators. The Keystone process recovers
anhydrous ammonia through absorption in a recycled solution of ammonium
phosphate. In a typical aksorption «cycle, 1lean forty (40) percent
phosphate solution is then reboiled in a distillation tower from which
the ammonia vapor is recovered and the 1lean phosphate solution is
separated for reuse. The nature of the Keystone operation is sucn that
additional light oils are recovered from the gas due to the fact that it
is cooled and compressed following the conventional light 0il scrubbers.
The wastewater produced here would presumably be similar to those from
the conventional light oil decanter and agitator.

The crude coal tar 1is wusually sold as produced. At some plants,
however, the tar is refined using a continuous type distillataon unit
with multiple columns and reboilers. Ordinarily continuous distillation
results in four fractions: light oils, middle or creosote o0ils, heavy
oils, and anthracene o0il which are cuts taken at progressively higher
temperatures. The light o0ils are agitated with sulfuric acid and
neutralized with caustic soda after the first crude fractionization and
then redistilled.

After naphthalene removal, the phenols and other tar acids are extracted
from the middle 0il fraction with a caustic solution, neutralized and
then fractionally distilled. The wastewaters although small in volume
when compared with other coke plant waste sources do contain a variety
of organic compounds from process water uses in addition to the cooling
and condenser water found from distillation processes.

The most significant liquid wastes discharged from the coke plant are
excess ammonia liquor (varying from straight flushing liquor to still
waste), final cooling water overflow, light o©il recovery wastes, and
indirect cooling water. 1In addition, small volumes of water may result
from coke wharf drainage, quench water overflow, and coal pile runoff.

The volume of ammonia liquor produced varied from 100 to 200 1/kkg (24
to U8 gals/ton) of coke at plants using the semi-direct ammonia recovery
process to 350 to 530 1l/kkg (84 to 127 gals/ton) tor the indirect
process. As indicated above, only a few by-product coke plants utilize
the latter process.
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Indirect (non-contact) cooling water is not normally considered waste
but 1leaks in coils or tubes may contribute a significant source of
pollution.

Gas final cooler water is a potential socurce of highly toxic cyanogen
compounds. Cooling of coke oven gas in the final cooler condenses about
25 liters of water from the gas per kkg (6 gals/ton) of coke produced, in
addition to the spray water used in the direct cooling of the gas
stream. Flow volume discharged from a well-designed final cooler
recirculation system ranges from 40 to 85 1l/kkg (10 to 20 gals/ton) of
coke produced.

Light 0il recovery wastes will vary with the plant process. Condensed
steam from the stripping operations and cooling water constitute the
bulk of liquid wastes discharged. Flows may vary from 1,800 to 5,000
liters per kkg of coke (430 to 1,200 gals/ton) at plants which discharge
cooling water once-through to 150 1r/kkg (36 gals/ton) of coke where
cooling water 1is recycled. Effluent from the light oil recovery plant
contains primarily phenol, cyanide, ammcnia, and oil.

The quenching of coke requires about 1,800 liters of water per kkg of
coke (432 galston). Approximately 35 percent of tnhis water is
evaporated by the hot coke and discharges from the guench tower as
steam. The remainder of the water flows to a settling basin for removal
of coke fines. The settled water may be recirculated or in some plants
is still permitted to overflow to the sewer. This effluent will contain
trace amounts of phenol, cyanides, and solids but temperature 1is the
principal objectionable feature of the settled waste.

More specific details of the coke plant operations are snown on Figures
2 and 3.

Beehive Coke Subcategory

The name beehive is derived from the fact that the original nonrecovery
ovens had an arched roof that closely resembled the typical old
fashioned beehive. The ovens are charged as soon as possible after the
previous charge is emptied in order +to utilize the heat from the
previous charge to start the coking process. The oven is charged from
above; the coal pile inside the oven must be leveled to insure uniform
coking of the coal.

coking proceeds from the top of the ccal downward, so that coking time
depends mainly on the depth of the cocal. The coking time will vary from
48 to 96 hours depending upon the type of coal charged and type of coke
required.

At the end of the coking cycle, the brickwork closing the door is torn

out, and the coke is quenched in the oven with water. After quenching,
the coke is drawn from the oven. The process is very dirty and
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generates smoke which discharges to the atmosphere when the brickwork
door is removed.

The beehive ovens were popular in the early nineteen hundreds, which was
prior to the existence of air pcllution regulatioms. The gases were
simply = discharged into the atmosphere. The beehive coking industry
reached its maximum production in 1916 when more than 31 million kKkg (34
million tons) of beehive coke were produced, this being two-tairds (2/3)
of the total national coke production. A properly controiled beehive
oven will have very little water discharge. If water is nct properly
regulated, the working area becomes quite sloppy. Tnerefore, it be-
hcoves the operator +to regulate the water to insurxe a good working
environment. In some instances, an impoundment lagoon is provided to
collect overflow water and settle out coke fines. Dischaxrges from this
pond will contain phenol and cyanide.

More specific details of the beehive ccke process are shown on Figures 4
and 5.

Sintering Subcategory

The sintering plant as part of today's integrated stesl mill has the
primary function of agglomerating and recycling fines back to the blast
furnace. Fines, consisting of iron bearing wastes such as mill scale
and dust from the basic oxygen furnace, open hearth and bliast furnace
are blended with fine iron ore and limestone to make an agglomerate for
charging to the blast furnace.

The sintering is achieved by blending the wvarious iron bearing
components and limestone with coke fines which act as a tueil. The
mixture 1is spread evenly on a moving down draft grate and ignited by a
gas fired ignition furnace over the bed. After ignition, the down draft
of air keeps the coke burning and as it burns, it quickly brings the bed
to fusion temperature. As the ked burns, the carbon dioxide is driven
from the 1limestone, and a large part of +he sulfur, chloride and
fluoride is driven off with the gases. The oil in the mill scale is
vaporized and also removed with the gases.

The hot sinter is crushed as it is discharged from the sinter machine
and the crushed sinter is screened before it is air cooled or. a sinter
cooler. After cooling, the sinter is sized in several size factions.
The sizing is necessary to meet the requirements of the blast furnace
operators that the feed to the blast furnace be closely sized at any one
time. The fines [below 0.6 cm (C.24 in.) ] from the screening are
recycled to the beginning of the sinter process.

The sinter is very dusty and abrasive; therefore, each transfer must be

carefully hooded and dedusted. The submicron sized dust particles which
are collected are recycled to the beginning of the process.
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The areas of polluticon in the sintering plant are the material handling
dust control equipment, the dust in the process gases and the
volatilized gases and o0il 1in the process gases. The sulfur in the
process gas comes primarily from the fact that the coke fines have more
than twice the sulfur than found irn larger coke. The chioride comes
from the blast furnace dust whereas the fluoride originates from the
fluorspar and the limestone used at the basic oxygen plant.

Ssome of the sinter plants built in the 1950's were equipped with wet
scrubbers, while others were equipped with cyclone type dust collectors.
Today's plants are generally equipped with fabric type dust filters to
minimize power costs and to avoid the problems inherent in disposing of
the scrubber effluents produced by wet dust control systems. A fabric
type filter requires about 15-20 cm (6 to 8 in.) water pressure drop to
meet emission requirements, while a high energy scrubber would require a
minimum of 152 cm (60 in.) water to achieve the same emission standards.

More specific details of the sintering oreration are shown on Figures
6,7 and 8.

Pelletizing Operation

Processing of steel plant wastes takes several forms depending on the
specific steel plant and its equipment. These forms can be identified
as follows:

1. Disposal - At several electric furnace operations, the
dust collected from the furnaces is wetted for ease
in handling and to insure that the dust does not cause
pollution after it is dumped. This is being done at
Babcock & Wilcox Company, Koprel Works.

2. Sinter Plant Feed - The dust from the basic oxygen
furnace or electric furnaces is wetted for ease of
handling and to insure a better and more permeable
sinter mix. This is being done at Bethlehem Steel
Company, Bethlehem Works.

3. Open_Hearth Feed - If an open hearth is available, the
basic oxygen furnace and open hearth dust may be pellet-
ized and recycled to replace charge ore in the open
hearth. A plant to utilize this process is being
constructed at Bethlehem Steel Company, Sparrows Point
Works.

4. Blast_ Furnace Feed - All of the fine wastes from steel
plants may be recycled to the blast furnace by using a
cement binder and curing to insure a calcium siiicate
bond which will withstand the blast furnace forces.
This process has been proven on a pilot scale but no
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plant is being planned at this time.

Processing plants for disposal, sinter plant feed and open hearth feed
are very similar and consist of a feed arrangement from the dust tight
bin to a rotating disc. A fine water spray is applied to the dust as it
rotates on the disc and as the pellets reach the desired size, they
automatically are discharged over the edge. The disc is hocded and
vented through a bag type dust cocllector. The product is discharged
into a truck or tote box for removal.

A plant for production of blast furnace feed would consist of a blending
and grinding system where the coarser waste material is ground fine
enough to pelletize (at least 50% minus 325 mesh). The ground material
and fine waste material are blended with a cement binder and the mixture
pelletized with a pelletizing disc in a size range from 0.95 to 1.5 cm
(0.4 to 0.6 in.). The pellets from the disc are distributed evenly on a
curing belt to a depth of akout 12 cm. The atmosrhere of the curing
belt is controlled with the humidity near saturation and the temperature
gradually increasing from 20°C to 90°C in approximately three hours.
The partially cured pellets are then transferred to a curing bin where
they gain final strength in 24 hours. The pellets are screened at 0.6
cm with the fines being recycled through the process. This process
virtually eliminates all form of pollution by having no emission except
filtered air.

Mcre specific details of the pelletizing process are shown on Figures 9
and 10.

Hot_Brigquetting Operation

A hot briquetting plant's primary function is to agglomerate steel plant
waste material and to make a briquette of sufficient sctrength to be a
satisfactory blast furnace charge. The steel plant wastes may include
mill scale, dust from the basic oxygen furnace, open hearth, electric
furnace, blast furnace and slag fines from reclamation plants, coke
breeze, limestone and pellets. Since hot briquetting plants only
process in-plant generated waste, they will be much smaller in size than
sintering plants.

The waste will be blended and pelletized to produce a reasonably uniform
172 x 1 centimeter diameter pellet for feeding into the fluid bed. The
cured pellets are mixed with the hot briquettes from the priquette press
and together they pass through a heat exchange drum where the pellets
are heated and the briquettes coocled. The heated pellets ana cooled
briquettes are then separated in a vibrating screen. The preheated
pellets are then put into a fluid ked heater where they are heated to
approximately 900°C before discharge into the briquetting press. The
heat for the fluid bed heater is supplied by the oxidation of the
carbon, the iron and the magnetite in the waste materiai. The discharge
temperature is controlled by the amount of fluidizing air added to the
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fluid bed. The hot gas cyclone is used to remove the not dust trom the
air stream and to return the dust to the bottom of the fluid bed where
they are discharged to the briquette rress.

one of the advantages of hot briquetting is that for a hot process, the
air quantity and temperature are kept to minimum. The maximum
temperature of the fluid bed is 980°C while the temperature ot the gases
from the cyclones is approximately 490°C.

Since only a small amount c¢f coke is consumed to heat tne waste the
sulphur in the stack gas is very low. At the 1low temperature of the
waste (980°C) very 1little of the chloride or fluoride in the blast
furnace dust and steelmaking dust will be driven off. The oil from the
mill scale will be volatilized and combusted in the fluid bed.

The first hot briquetting plant is in the design stage for Republic
Steelt's South Chicago Plant. It should be completed in late 1974.

More specific details of the briquetting operation are shown on Figure
11.

Blast Furnace Operations

Virtually all iron made in the world today is produced in blast furnaces
which reduce iron ore (iron oxide) to metallic iron. Iron ore,
limestone and coke are charged into the blast furnace. The coke is
burned to produce carbon monoxide gas which combines with the ore to
produce carbon dioxide gas and metallic iron. The burning coke ailso
supplies the heat to make the reaction proceed and to melt the metallic
iron once it is formed.

The solid raw materials are intermittently charged into the top of the
furnace. Hot air is blown into the bottom and liquid iron and slag are
drawn off from the bottom of the furnace several times each day. Blast
furnaces, depending on their size, will produce from a few hundred to in
excess of 6,000 kkg (6,600 tons) of iron per day.

The major impurity of most iron ore and coke is silica (silicon dioxide)
which has a very high melting point. Removal of this silica is
accomplished by the limestone in the furnace. At the hnigh temperature
in the furnace, the lime combines with the silica to form a molten mass
of a low melting material called slag. The molten slag being 1lighter
than the molten iron, floats on the iron. All the iron leaves the
furnace, the floating slag is skimmed off.

There are a great variety of auxiliary operations associated with a
blast furnace. These include raw material storage and handling, air
. compression and heating, gas cleaning, ircn and slag handling and dust
handling.
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The raw materials for a blast furnace are normally stored in a large
area adjacent to the furnace called the ore yard. The coke is normally
delivered directly to the furnace charging system from the railroad cars
used +to ship the coke cut of the coke plant. Several months supply of
raw materials are stored in the coke yard.

Approximately 3.5 kkg (3.8 tcns) of air are blown through the furnace to
make one kkg (1.1 tons) of iron. This air must be compressed to three
(3) or four (4) atmospheres and heated to 800°C to 1,000°C before it is
injected into the bottom of the furnace. laxge steam turbine driven
compressors are used for the compression. These turbines may be
backpressure, extracting, or condensing in design. If the steam is con-
densed, large volumes of cooling water are passed througn the turbine
condensers. The 1liquid wastes associated with this area would be very
similar to those found at utility power generating stations.

After compression, the air is passed through refractory filled vessels
called stoves for preheating prior to entering the furnace. Cleaned
blast furnace gas is used to preheat the refractory. Two stoves are
generally being heated with pblast furnace gas while the third stove is
preheating the air prior to injection into the furnace. Water 1is used
at the stoves to cool the gas kurners and associated equipment.

Because o0f the high furnace temperatures and the large furnace size, a
great deal of cooling water is associated with the operation of a blast
furnace. Most plants use once through cooling water, but in some water
shortage areas, recirculating cooling systems are used. As a general
rule, even 1in water plentiful areas, some degree of water reuse and
recycle is practiced.

The blast furnace proper has a great deal of water cooling associated
with it. However, on a blast furnace, the normal temperature rise is
very small by comparison to other processes. Rarely is the cooling
water temperature rise more than 59C and frequently it i1s 19C or less.
In order to conserve water, many plants will take a portion of the
cooling water from the furnace and use it 1in their gas cleaning
operations. Other than non-contact cooling water, tnere should be
virtually no wastewater discharges from the furnace proper.

The gases 1leaving the +top of the furnace are hot, dust laden, and
“raveling at high velocities. The gas consists primarily of a mixture
of nitrogen, carbon dioxide, carbon monoxide, and water vapor. In
additon to these major components, there are trace amounts o©f other
gases, the most important of which is hydrogen cyanide. This gas is the
product of an unwanted reaction of the nitrogen in the air with the hot
coke in the furnace. Its concentration is influenced primarily by the
temperature of operation. A very hot furnace tends to produce more
cyanide than a cooler one. Since the furnace 1is run on a reducing
atmosphere, nons of the normal oxides of nitrogen or sulfur are found.
Traces of hydrogen sulfide may be present. The gas 1is explosive and

51



poisonous to the point of fatality on extended exposure mainiy because
of its carbon monoxide content.

The first step in cleaning the gas so that it can be used as a fuel is
to pass 1t through a settling chamber called a dust catcher to settle
out the larger dust particles. This is a dry operation so no liquid
wastes result. Following the dust catcher, the gas i1s normally passed
through wet scrubbers and coolers. In some instances, all or part of
the gas 1is also passed through electrostatic precipitators for further
cleaning. It is the effluent from the gas scrubbers and coolers that
constitute the major portion of the wastewater from the blast furnace
operations. After cleaning, the gas is burned in boilers to make steam
to drive the compressors and in the stoves to heat the refractory that
heats the air going into the furnace.

The water from the gas cleaning operations is normally run to thickeners
where the settleable solid are removed. The sludge from the thickeners
is filtered and the recovered tilter cake along with other fine iron
oxide particles, are sent to the sinter plant for agglomeration so that
they can be reused in the furnaces. The water removed from the sludge
in the filter is returned to the thickener.

A certain amount of phenol and nitrogen compounds are in the coke
delivered to the blast furnaces. The concentrations of these materials
in +the coke are much nigher if the coke has been quenched at the coke
plant with one o0f +the c¢oke fplant waste streams. These compounds
evaporate from the coke in the top of the furnace and come out of the
furnace with the top gas. A certain portion of them are transferred to
the water in the gas scrubbers.

There are two common processes for handling the slag which is drawn off
a furnace. These are air cooling and slag granulation. In the
granulation process, slag is usually run into a pit of water adjacent to
the furnace. High pressure streams of water disassociate the column of
liquid slag as it falls into the pit. This rapid, unrestricted cooling
causes the slag t¢ expand and crack into small particles that resemble
brown sand. This process generates a great deal of steam which passes
off into the atmosphere with a slight odor of anydrogen sulfide.
Granulated slag is lighter than sand and some of the particles +tend to
float. The use o©of this process has declined in recent years to some
extent because of the difficulty of keeping the floating slag particles
out of the receiving waterways and the problems of air pcllution caused
by the steam plume.

In the air cooled slag process, the molten slag is poured into dry pits
in the ground for slow cooling. A limited amount of water is sprayed on
the hot slag to accelerate the cooling. The slag slowly solidifies into
one s0lid mass in the pit and is dug out with a power shovel. Most of
the water sprayed on the hot slag evaporates, but if the sprays are not
properly controlled, excess water is used and it drains from the pit as
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a contaminated liquid. The composition of the overflow from the slag
granulating operation and the drainage from the air cooling pits will be
similar except for concentration. The granulated effluent will be much
more dilute. The effluents from slag cperations will ccntain reduced
compounds, normally sulfides.

Large volumes of water are required to operate a blast furnace and its
associated equipment. A major portion cf the water is used for the non-
contact cooling of the blast furnace hearth and shell, the stove burners
and to condense the steam used to drive the air compressors. This water
increases approximately 1-5°C in temperature; otherwise it is discharged
in essentially its original state.

A lesser portion of the water is used for contact cooling the blast
furnace gas and slag quenching as well as for bilast furnace gas
cleaning. These waters contain settleable solids and traces of various
chemicals contained in the Lklast furnace gas stream and the slag. The
blast furnace gas scrubbing water represents the major portion of the
wastewater from the blast furnace area. -
More specific details of the Llast furnace operation are shown on
Figures 12,13,14 and 15.

Steelmaking Operations

There are three primary methods in wuse +today for +the production of
steel, the electric arc furnace, the open hearth furnace and the basic
oxygen furnace.

The newest method, the basic oxygen furnace, was introducea i the early
fifties and is now rapidly replacing the older open hearth practice. 1In
1972 the basic oxygen process accounted for 56% of steel production, the
open hearth 26.3%, and the electric arc furnace 17.7%.

Each method generally uses the same +type of Lkasic raw materials +to
produce the steel and also results in generally the same waste products
such as slag (fluxes), smoke, fume and waste gases.

The basic raw materials for the manufacture of steel are hot metal
(iron), scrap steel, 1limestone, burnt 1lime (CaO), fiuorspar (CaF2),
dolomite (MgCO3 and CaC03) and iron ores (oxides or iron). Other iron
bearing materials such as pellets and mill scale are used when
available. Alloying materials such as ferro manganese, ferro silicon,
etc., are used to finish the steel composition to required
specifications. These are added to the steel ladle and sometimes
directly in the furnace steel bath. The raw materials are shipped,
railroaded or trucked into the plant and are unloaded by means of chutes
and conveyor systems into storage bins. In some plants, they are
unloaded at an unloading station and mill cranes or special cars, charge
the raw materials into the furnaces.
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The waste products derived from the material handling systems are
generally airborne contaminants of dust, fumes, and smoke and do not
become waterborne until some type of wet dust collector system is
utilized.

All three furnace methods use pure oxygen anasor air to refine the hot
metal (iron) and other metallics into steel by oxidizing and removing
the elements present such as silicon, phosphorus, manganese and carbon.
Certain oxides such as silicon dioxide, manganese oxiae, phosphorus
pentoxide and iron oxide are fluidized in the slag whicn floats on the
metal surface while oxides of carbon are emitted as gases.

Basic_Oxygen_ Furnace_ Operation

The basic oxygen furnace steelmaking process is a metaod of producing
steel in a pear shaped refractory lined open mouth furnace with a
mixture of hot metal, scrap and fluxes. Pure oxygen is injected at
supersonic velocities through water cooled copper tipped steel lance for
approximately 20 minutes with a total tap-to-tap cycle of approximately
45 minutes. As this process is exothermic (heat generating), a definite
percentage of steel scrap can be melted without use of external fuel
requirements. The general ratio is about 70% hot metal and 30% scrap.
The furnace is supported on trunnions mcunted in bearings and is rotated
for tapping (pouring) of steel ladles and dumping the slag.

The waste products from this process are heat, airborne fluxes, slag,
carbon monoxide and dioxide gases and oxides of iron (¥FeO, Fe203, Fe304)
emitted as submicron dust. Also when the hot metal (iron) is poured
into ladles or the furnace, submicrocn iron oxide fume is released and
some of the carbon in the 3iron will precipitate out as graphite,
commonly called kish. All of these contaminants become airborne. Fumes
and smoke are again released when the steel is poured into steel holding
(teeming) ladles from the furnace. Approximately 2% of the ingot steel
production is ejected as dust.

The basic oxygen furnaces are always equipped with some +type of gas
cleaning systems for containing and cooling the huge volumes of hot
gases (1,650°C) and submicrcn fume released.

Water is always used to quench the off-gases to temperatures where the
gas cleaning equipment can effectively handle them. Two main process
types of gas cleaning systems are used for the basic oxygen furnace,
precipitators and venturi scrukbers, but in each case the hot gases are
gquenched to a lower temperature. In the venturi scrubbers, the gases
are quenched and saturated to 80°C whereas for the precipitators the
gases are cooled to approximately 250°C.

As the main gas constituent released from the process 1is carbon

monoxide, it will burn outside of the furnace if allowed to come in
contact with air.
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The major gas cleaning systems in use today, purposely furnish air for
burning of this gas. An open hcod just above the furnace mouth is
provided for the burning, and conveying of gases and fumes <to the gas
cleaning system. The hoods themselves are made in severa. different
geometric confiqgurations (round, square, octagonal) and are either water
cooled or are waste heat steam generating boilers. A special type of
wet venturi scrubber and hood is sometimes used where the hood clamps
tightly over the furnace mouth and prevents the carbon monoxide gas from
burning. The gas is then either collected for fuel or purned at the
stack outlet.

If venturi scrubbers are used, the majority of the airborne contaminants
are mixed with water and discharged as an effluent. Generally, water
clarification equipment is provided for treatment of tnis effluent.

In the case of precipitators, two approaches are wused for quenching
(cooling) the gases. One is to have an exact heat balance between water
required and gas cooling; no effluent is discharged in this case as all
of the water is evaporated. The other approach is tc pass the gas
through a water spray thus oversupplying the water which is discharged
as an effluent. This is commonly referred to as a spark box chamber
whereas the other is an evaporation chamber.

More specific details of the kasic oxygen furnace are shown on Figures
16 through 20.

Open Hearth Furnace QOperation

The open hearth furnace steelmaking process 1is an older method of
producing steel in a shallow rectangular refractory pbasin or hearth
enclosed by refractory lined walls and roof. The furnace front wall is
provided with water cooled 1lined doors for the means of charging raw
materails into the furnace. A plugged tap hole at the base of the wall
opposite to the doors is provided to drain the finished molted steel in-
to 1ladles. Open hLearth furnaces can utilize an all-scrap steel charge
but generally are used with a 50-50 charge of hot metal and steel scrap.

Fuel in the form of o0il, coke oven gas, natural gas, pitch, creosote,
tar, etc., is Dburrned at one end of the hearth to provide heat for
melting of scrap and other process requirements and +the +type of fuel
utilized depends wupon the plant economics and fuel availability. The
hot gases from refining process and combustion of fuel travels the
length of hearth above the raw materials charge and is conducted into a
flue downward to a regenerator brick chamber called chneckerwork orx
checkers. These brick masses aksork heat and cool the waste gases to
650-750°C. The combusticn system burners, checkers and flues are
duplicated at each end of furnace, which permits frequent and systematic
reversal of flows, flue gases and preheated air for combustion.
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A system of valves in the flues effect the gas reversal so that heat
stored in checkers is used to preheat the incoming furnace combustion
air. In some plants, the gases leaving the checkers pass through waste
heat boilers which further reduce the waste gas temperature to 260-
3159cC. Sometimes pure oxygen is lanced over the bath to speed up the
oxidation (refining) cycle. The tap tc tap time will vary from five to
8 hours with oxygen lancing as oppose to eight to 12 hours without
oxygen. Where the basin refactory material is composed of silica sand,
the furnace is described as an "Acid" Furnace and when the pasin is
lined with dolomite or magnesite it is termed a "Basic" Furnace. The
"Basic" Open Hearth process is the method generally used in the United
States due to the Basic Process being able +to remove rhosphorus and
sulfur from iron and ores whereas M"Acid" Furnace requires selected raw
materials that contain minimum amounts of these elements. Most ores
mined in the United States contain some amounts of phosphorus and
sulfur.

The open hearth «c¢ycle consists of several stages 1i.e., fettling,
charging, meltdown, hot metal addition, ore and lime boil, refining,
tapping, and delay. The period of time between tap and start (fettling)
is spent on normal repairs to the hearth and plugging the tap hole used
in the previous heat.

During the charging period, the solid raw materials such as pig iron,
iron ore, limestone, scrap iron and steel are dumped into the furnace by
special charging machines. The melting periocd begins wnen the first
scrap has been charged. The direction of the flame is then reversed
every 15-20 minutes. When the solid material has melted, a charge of
hot metal is put into the furnace. This is normal procedure for a "hot-
metal" furnace but in +the case of a %“cold metai" furnace, solid
materials are added wusually in two batch charges. The hot metal
addition 1is followed by the ore and lime boil, caused by oxidized gases
rising to surface of the melt.

Carbon monoxide is generated by oxidation of carbon and is called M"ore
boil®", When the carbon dioxide 1is released 1in calcination of the
limestone, the turbulence is called "lime boil". The refining period is
used to lower the steel phosphorus and sulfur content to specified
levels, eliminate carbon and allow time for proper conditioning of slag
and attainment of proper bath temperature. At the end of the working
period, the furnace 1s tapped at a kath temperature of approximately
1,650°cC.

The waste products from the open hearth process are slag, oxides of iron
ejected as submicron dust and waste gases composed of air, carbon
dioxide, water vapor, oxides of sulfur and nitrogen (due to the nature
of certain fuels being burned) and oxides of zinc if Gquantities of
~galvanized steel scrap are wused. Fluorides may be emitted from open
hearth furnaces both as gaseous and particulate matter. In most
instances, the source of fluoride is fluorspar (CaF2) used during the
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final stage of the heat. Iron oxide fume (dust) 1is generated at the
rate of 12.5 kgrskkg (1b/1,000 1k) of steel. The gas and dust generation
rate 1is fairly constant over the heat c¢ycle except during oxygen
lancing.

The older shops did not have any type of gas cleaning equipment and the
fume and gases were ejected through the waste heat stacks.

Some of the newer shops are equipped with dust collection units and some
of the older shops have added collection systems. TwoO types again are
used, precipitators or venturi scrukbers. As the precipitators are
generally dry systems, no waterborne effluents are discharged. The
venturi scrubbers do discharge an effluent and because of the presence
of sulphur oxides, the water is of acid nature.

More specific details of the open hearth process are shown on Figures
21,22 and 23.

Electric Arc Furnace Operation

The electric arc furnace steelmaking process is a method of producing
high quality and alloy steels in refractory lined cylindarical furnaces
utilizing a cold steel scrap charge and fluxes. Sometimes a portion of
hot metal will be charged or a lower grade of steel is produced in the
basic oxygen furnace or open hearth and then is alloyed in the electric
furnace. The 1latter is known as duplexing. The heat ror melting the
scrap charge, fluxes, etc., is furnished by passing an electric current
(arcing) through the scrap or steel bath by means of three (3)
triangularly spaced cylindrical carbon electrodes inserted through the
furnace roof.

The electrodes are consumable and oxidize at a rate of five to eight
kgskkg (1b/1,000 1lk) of steel. Larger tonnage furnaces have hinged
removal roofs for scrap addition while smaller furnaces are charged
through furnace doors. Furnaces range in size from 18 to 365 kkg (20 to
400 ton) heats and 2 to 9 m (approximately 2 to 10 yds) in diameter.
The heat cycle time is generally four to five hours. Production of some
high quality steels requires the use of two different slags for the same
heat, referred to as oxidizing and reducing slags. The first slag is
removed from the furnace and new fluxes added for the second slag. The
period of a reducing slag requires a slight positive pressure be
maintained in furnace to prevent infiltration of air or further
oxidizing of steel. The heat c¢ycle generally consists of charging,
meltdown, molten metal period, oxidizing, refining anda tapping
(pouring) . Pure oxygen is sometimes lanced across the bath to speed up
the oxidation cycle which in turn will reduce the electrical current
consumption.

The waste products from the prccess are smoke, slag, carbon monoxide and
zioxide gases and mainly oxides of iron emitted as submicron fume.
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Other waste contaminants such as zinc oxides from galvanized scrap will
be released dependent upcn type and quality of scrap utilized. High oil
bearing scrap will yield heavy reddish-black smoke as the oils are
burned off at start of meltdown cycle. Oxides of nitrogen and ozone are
released during the arcing of electrodes. Generally, 5 kg of dust/kkg
(lb/1,000 1b) of steel 1is expected, but this may reach as high as 15
kgs/kkg if inferior scrap is used. The waste products are airborne and
do not become waterborne unless some type of wet fume collector is used.
Three types of dust collectors are used--baghouses, scrubbers and dry
precipitators. In addition to the type of dust collectors, there are
generally four different means of exhausting the fume generated by the
electric furnaces:

1. Plant rooftop or furnace building extraction
2. Local fume hoods

3. Water cooled roof elbow

4., Fourth hole extraction

The plant roof top or building extraction requires the sealing up of the
shop buildings and installation of exhaust hoods in rooftop trusses for
exhausting the fume as generated by furnaces. A baghouse collector is
used for cleaning of the exhaust gases. This system requires huge
volumes of exhaust air [36,500 cubic meters (1,300,000 cu ft) per minute
for a shop consisting of five 45 Kkkg (50 ton) furnaces ] and large
baghouse collectors, but the system is readily adaptable to electric
furnaces wusing the double slagging practice and does capture most
fugitive emissions from other furnace operations such as tapping,
slagging, etc.

The second +type of furnace exhaust are 1local exhaust hoods fitted
adjacent to door operings, electrode openings and around junctures
between roof and furnace shell. A baghouse collector is used with this
type of exhaust as fume, smoke, and gases are captured as they bleed
through the furnace openings and enough cool air is drawn into system
that the hot gases are tempered. These systems are not eifective when
hinged type furnace roofs are in an open position during scrap charging.

The third type and fourth type of furnace exhaust are simiiar except the
water cooled elbows are generally tightly fitted to the furnace roofs
and the hot gases are exhausted from furnace interior through the cooled
elbow. A combustion air space is left between the water cooled elbow
and the gas cleaning ductwork to provide for combustion air for any
carbon monoxide gases being emitted from furnaces.

The fourth hole constitutes a fourth refractory 1linea hole in the
furnace 1roof. A space is left between the fourth hole exhaust port and
the gas cleaning ductwork to again provide combustion air for carbon
monoxide gases being emitted from furnace. Both exhaust systems can be
used with all three types of dust ccllectors. If baghouses are used, a
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spray chamber is added to gas cleaning system to condition the gas
temperature to 13590C.

If precipitators are used, a srark box 1is added to <twthe system to
condition gases generally to 260°C but if high energy venturi scrubbers
are used, the gases are quenched to their saturation temperature by
means of gquenchers located near the furnaces. The spray chamber, spark
box and quenchers discharge a water effluent.

When the steel from any of the three steelmaking processes 1is tapped
(poured) into the steel holding ladles (teeming ladies), tne ladle of
steel is transported by crane or ladle transfer car to a teeming or
continuous casting area. Sometimes the customer's specifications
require further treatment and alloying of the steel for which the steel
is then first transported to a vacuum degassing process area.

More specific details of the electric furnace process are shown oOn
Figures 24,25 and 26.

Vacuum Degassing Subcategory

In the vacuum degassing process, steel is further refined by subjecting
the molten steel to a high vacuum (low pressure). This process further
reduces hydrogen, carbon, and oxygen content, improves steel
cleanliness, allows production of very low carbon steel and enhances
mechanical properties of the steel. Vacuum degassing facilities fall
into three major categories:

1. Recirculating degassing, where metal 1is forced into a
refactory-lined degassing chamber by atmospneric pressure,
exposed to low pressure (vacuum) and then discharged from
chamber.

2. Stream degassing in which falling streams of molten metal are
exposed to a vacuum and then collected under vacuum in an ingot
mold or ladle.

3. Ladle degassing, where the teeming 1ladle 1is subsequently
positioned inside a degassing chamber where the metal is
exposed to vacuum and stirred by argon gas or electrical
induction.

The recirculatory systems are cf two types D-H (Dortmuna Horder) and the
R-H (Ruhrstal-Heraeus).

The R-H system 1is characterized by a continuous flow of steel through
the degassing vessel by means of two nozzles inserted in the teeming
ladle molten steel while the D-H system is characterized by a single
nozzle inserted in the molten steel. The R-H system degassing chamber
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and ladle are stationary while the D-H system ladle oscillates up and
down.

A four or five stage steam jet ejector with barometric condenser is used
to draw the vacuum. A means of providing heat is furnisned in the
process by electric carbon heating rods to replace neat loss in tha
process Oor in some cases to raise the temperature of the steel bath.
Alloys are generally added during this process and cycle time is
approximately 25 to 30 minutes.

The waste products from vacuum degassing process are conaensed steam and
waste with iron oxide fumes and CO gases entrained in the discharge
effluent.

More specific details of the vacuum degassing process are shown on
Figure 28.

Continuous_Casting Sukcategory

Steel that is not teemed into ingot molds can be cast in a process known
as continuous casting. In the continuous casting process billets,
blooms, slabs and other shapes are cast directly from the teeming ladle
hot metal, thus eliminating the ingots, molas, mold preparation, soaking
pits and stripping facilities. 1In this process, +the steel ladle is
suspended above a preheated covered steel refractory iined rectangular
container with several nozzles in the bottom called a "tundish®. The
tundish regulates +the flow of hot steel from teeming ladles to the
continuous castipg molds by means of nozzle orifice size, ferrostatic
head or using stoppered nozzles to shut off the flow of steel.

When casting billets oxr blooms, several parallel casting molds are
served by one tundish. Each mold and its associated mechanical
equipment 1is called a '"strand" and casting units are generally two,
four, or six strand machines.

The casting molds are water-cooled copper molds, chrome plated
conforming to the desired shape to be cast. To start the casting
process, a dummy bar is fed back into the strand and blocks the bottom
of the mold opening. As the hot steel flows through the tunaish nozzles
into the casting mold, a hard steel exterior shape forms from the
cooling with a molten steel center. The casting molds oscillate to
prevent sticking and help discharge the solidified product from the
mold. After the cast product is discharged from the molds, the cast
product enters a spray chamber where sprays furtner cool the cast
product. After the spray section, the cast product is either cut off by
a shear or acetylene torch and prcduct tipped to the horizontal for
discharge through the "run-out" table and stacker units or the product
is curved to the horizontal by means of bending rolls. After the prod-
uct is in a horizontal direction, it is re-straightened and then cut to
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desired 1length. The curved type of machine reduces the height
requirements of the casting machine building.

Three water systems serve the casting machine; they include mold
cooling, machine cooling and spraying. Mold and macaine cooling are
performed in closed recycle systems whereas the spray water 1s an open
recycle system. The waste products from this process are iron oxide
scale, ©0il contaminants from machinery, heat and a limited amount of
gases from the acetylene torch cut off units. At the aischarge zone of
the spray chamber, "pinch rolls" regulate the speed of discharge of cast
product from the molds. The casting strand contains other rolls called
"apron" rolls and "support" rolls which keep the cast groduct in proper
alignment.

More specific details of the continuous casting operation are shown on
Figure 29.

Ingot Casting Operation

The three steelmaking processes are housed in mill buildings and
generally the building interior is identified by three main aisles
called the charging aisle, furnace aisle, and the teeming aisle. The
teeming aisle consists of a 1long building aisle with elevated brick
lined platforms on one side where strings of flat bed railroad cars
called "drags" are stationed. A drag generally will consist of five ox
six coupled cars.

On the bed of each car are stationed cast iron ingot molds and in turn
the molds are seated on flat cast iron plates called 'stools*. The
teeming aisle crane holds the ladle over each ingot mold. By means of a
ladle stopper rod, operated by personnel stationed on teeming platforms,
the steel is poured through a bottom ladie nozzle into the ingot mold.
When +the mold is filled, the operator closes the stopper rod which
blocks the nozzle opening while the teeming crane shifts to next ingot
mold. After finishing pouring the steel, the teeming crane dumps any
slag remaining in the ladle and returns for another heat of steel.

The ingots are allowed to cool so a hard sheet forms and then drags are
rcuted to a mold stripper area where the ingot mold is separated from
the hot ingot by means of a special type stripper crane. The hot ingots
are then transported to soaking rits where they are zreneated in
preparation for rolling in rolling mills. The ingot molds are
transported to a mold preparaticn area, where they are cooied, cleaned
and sprayed with an anti-sticking compound. During the teeming
operation, some materials are added to the steel such as aluminum oOr
lead shot. The aluminum acts as an oxidizing agent whereas lead is
added for freer machining type steels. The waste products from teeming
and mold cycle are contaminants that are airborne or have been spilled
and reach sewers via groundwater.
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More specific details of the ingot casting operation are shown on Figure
30.

Pig_Casting Operation

The molten iron from the blast furnace is generally used in the molten
state in basic oxygen, open hearth, and electric furnaces. Occasionally
due to equipment failures and production scheduling, it becomes
necessary to cast the surplus molten ircn into pigs. This is done in
the pig machine.

Most pig machines consist of two strands of endless chains carrying a
series of parallel cast-iron molds or +troughs with overlapping edges
which pass over a head and tail sprocket wheel. Molten iron is poured
into the mold near the tail sprocket, scolidifies and is cooled by water
sprays as the chain rises to the head sprocket. As the cnain reverses
direction while passing over the head sprocket, the solid pig falls from
the mold into waiting railroad cars or trucks. On the return travel of
the <chain, the molds are sprayed with a lime wash. This acts as a mold
release and prevents the molten iron from adhering to the cast diron
mold.

The 1lime wash used to coat the molds may create a housekeeping problem
around the pig machine. Small volumes of water are used to wash down
the area and +to clean the srray equipment. Water is also required to
cool the pigs. This water also washes cff the surplus lime from the
molds. Some plants may divert this runoff to a small basin which is
periodically cleaned out. However, due to the small volume of water and
the intermittent nature of the pig operation, there is no overflow from
this pit.

Generally, most plants limit the water use in the area and do not have a
basin. Therefore, the water is controlled so as not to provide a poor
working area.

Slagging Operation

For all of the three steelmaking processes, slag is always generated.
The slag 1is generally deposited into ladles from the furnaces. These
ladles are transported to a slag dump where the slag is ailowed to air
cool or 1is sprayed with water. The slag is then transported to a slag
processing plant where the steel scrap is reclaimed and the slag crushed
into a saleable product. The waste products from this process are
generally airborne dust and become waterborne when wet dust collecting
systems are added. When open hearth slag is wetted, hydrogen sulfide
will be emitted due to sulfur content of slag.

More specific details of the slagging oreration are shown on Figure 31.

Rationale for Categorization -_Factors_considered
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With respect to identifying any relevant, discrete categories for the
iron and steel industry, the following factors were considered in
determining industry sub-categories for the purpose of the application
of effluent limitation guidelines and standards of performance:

1. Manufacturing processes
2. Products

3. Waste water constituents
4, Gas cleaning equipment
5. Waste treatability

6. Size and age

7. Land availability

8. Aqueous waste loads

9. Process water usage

after considering all of these factors, was concluded that the iron and
steel industry is comprised of separate and distinct processes with
2nough variability in product and waste tO require categorizing into
nore than one giant unit operation. The individual processes, products,
ind the waste water constituents comprise the most significant factors
in the categorization of this most complex industry. Process
jescriptions are provided in this section of the report delineating the
jetailed processes along with their products and sources of wastewaters.
The wuse of various gas cleaning equipment, particularly in the
i3teelmaking categories, lends itself tc a further subdivision into wet,
s3emi-wet, and dry subcategories. Gas cleaning is also discussed under
process descriptions. Waste treatability in itself is of such magnitude
:hat 1in some industries, categorizaticn might be based strictly on the
wvaste treatment process. However, with the categorization based
primarily on the process with 1its products and wastes, it 1S more
1easonable to treat each ©process waste treatment system under the
:ndividual category or subcategory. Waste treatability i1s discussed at
l.ength under Section VII, Control and Treatment Techrology. Size and
ége of the plants has no direct Lkearing on the categorization. The
processes and treatment systems are similar regardless of the age and
size of the plant. Tables 34-43 provide, in addition to the plant size,
t.he geographic location of the plant along with the age of the plant and
the +treatment plant. It can be rnoted that neither the wastes nor the
treatment will wvary in respect +to +the age or size factor. The
forementioned tables should be tied back to the discussion in Sections
VII and VIII, related to raw waste loads, treatment systems and plant
effluents. Therefore, age and size in itself would not substantiate
industry categorization.

The number and type of pcllutant parameters of significance varies with
the operation being conducted and the raw materials used. The waste
volumes and waste loads also vary with the operation. In order to
prepare effluent limitation that would adequately reflect these
variations in significant parameters and waste volumes the industry was
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subcategorized primarily along operational lines, witu permatations
where necessary, as indicated in Table 4.
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I.

II‘

IIT.

IV‘

V.

VI.

VII.

VIII.

IX.

X.

XI.

XII.

TABLE U4
Sukcategorization
of the
Steel Making Operations
of the
Iron and Steel Industry
By Product Coke Subcategory
Beehive Coke Subcategory
Sintering Subcategory
Blast Furnace (Iron) Sukcategory

Blast Furnace (Ferromanganese) Subcategory

Basic Oxygen Furnace (Semi Wet Air Pollution
control Methods) Sukcategory

Basic Oxygen Furnace (Wet Air Pollution
Control Methods) Subcategory

Open Hearth Furnace Operation

Electric Arc Furnace (Semi Wet Air Pollution
Control Methods) Subcategory

Electric Arc Furnace (Wet Air Pollution
Control Methods) Subcategory

Vacuum Degassing Subcategory
Continuous Casting Sukcategory

*Ajir Pollution Control Methods

95



Listings by the main subcategories have been compiled for all steel-
making plants in the United States. They are presented in table rorm as
follows:

TABLE SUBCATEGORY
5. By-Product Coke Plants
6. Beehive Coke Plants
7. Sintering
8. Blast Furnace - Iron Making
g. Blast Furnace - Ferromanganese
10. Basic Oxygen Furnaces
11. Open Hearth Furnaces
12. Electric Axc Furnaces
13. Vacuum Degassing
14. Continuous Casting

The following sources were utilized to compile data on plants in each
subcategory:

a. Directory of the Iron and Steel Works of the World, 5th
Edition, Metal Bulletin Bocoks Lta., London, England.

b. AISI, Directory of the Iron and Steel Works of the U. S.
and Canada, 1970.

¢. Directory of Iron and Steel Plants, 1971

d. Battelle Coke Report

e. Iron and Steel Engineer, December, 1969; January, 1973.
f. EPA Project R800625 (unpublished)

g. 33 Magazine, July and Octoker, 1972; July, 1970

h. Keystone Coal Industry Manual.

Selection_of Candidate Plants_for Visits

A survey of existing treatment facilities and their performance was
undertaken to develop a list of best plants for consideration for plant
visits. Information was obtained from:

(a) The study contractors personnel
(b) State Environmental Agencies
(c) EPA Personnel

(d) Personal Contact
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(e) Literature Search

Since the steel industry is primarily situated in fifteen (15) states,
greatest contribution was obtained from state and EPA personnel located
in the following states:

a. Alabama b. california c. Colorado
d. Illinois e. Indiana f. Kentucky
g. Maryland h. Michigan i. Missouri
J. New York k. ©Ohio 1. Pennsylvania
m. Texas n. Utah 0. West Virginia

Personal experiences and contacts provided information required to
assess plant processes and treatment technology. Although an extensive
literature search was conducted, the information was generally sketchy
and could not be relied upon solely without further investigation.

Upon completion of this plant survey, the findings were compiled and
preliminary candidate lists were prepared on those plants that were
considered by more than one source to be providing the best waste
treatment. These lists were submitted +to +the EPA Dby the study
contractor for concurrence on sites to be visited. The rationale for
plant selections in all the sukcategories is presented in Table 15. In
several instances, last minute substitutions had to be made because of
the non-availability of the plant. 1In several other instances, while at
the plant an additional sub-category was sampled to provide a complete
study of several systems that were tied together, i.e., blast furnace-
sinter plant, continuous casting-degassing-BOF. Table 16 presents a
summary of the requirements for the study.

Tables five through fifteen are on file and available for perusal at the

library of +the Environmental Protection Agency, Wasnington, D.C.
(Reference No. EP - 03B - 000 - 001).
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TABLE 16

IRON AND STEELMAKING OPERATIONS
INDUSTRIAL CATEGORIZATION AND

SURVEY REQUIREMENTS

NO, SAMPLES FACH LOCATION

Number Treated [Cooling
of Locations Production Variations Within Intake Raw Waste Effluent| Water Misc.
Main Category Subcategory Surveyed Subcategory to be Investigated Corposite Grab
1. Coke Making
R. By-Product 4 Each of 4 types to preferably 1 4 4 1 1
have different production unit
operations
3. Beehive 3 1 =~ Beahive type 1 2 2 1 1
1 ~ Rectangular slot type
1 -~ Once through wastewater
II. Burden
Preparation
A. Sintering 3 3 ~ sama type* 1 3 3 1 1
B, Pelletizing b ~
C. Briquetting i -
I1I. Iron Making
A. Blast Furnace 5 5 -~ same type* 1 3 3 2 1
Iron
B. Blast Furnace 1 1 ~ FeMn only due to nonavail- 1 3 3 2 3
Ferre ability of other type ferro
Additives alloy furnaces
IV. Steelmaking
A. Basic Oxygen S 2 ~ semi-wet type 1 3 3 2 2
Furnace 3 - wet type
B. Open Hearth 2 2 ~ same type* 1 3 3 1 1
C. Electric 4 2 ~ semi-wet type 1 3 3 1 1
Furnace 2 - wet type
V. Degassing - 2 1 - DH type 1 3 k] 1 1
1 ~ RH type
VI. Continuous ~ 2 1 - Billet Caster 1 3 3 1 1
Casting 1 - slab Caster
VII. Fugitive
Runoffs
A. 1Ingot Casting 1 - 1
B. Pig Casting 1 - 1
C. Coal Pile 1 - 1
D, Ore Pile 1 - 1
E. Stone Pile 1 - 1
F. Slagging 3 1 - BF quench type 1
1 - BF spray cooled 1
1 - BOF spray cooled 1

*No major variations in production unit operations expected.

*4No plants found oparating as an integral part of an integrated steel mill.
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SECTION V

WATER USE AND WASTE CHARACTERIZATION

General

The waste water streams for the industry are described individually in
their vrespective sub-categories. Waste loads were developed by actual
plant sampling programs at selected exemplary plants on which EPA
concurred. Raw waste 1loads are established as net plant raw waste
loads. This is further defined as the contaminants attributable to the
process of concern. It is the total or gross process load minus the
contaminated load due to background (make-up). The basis for plant
selection was primarily on their waste treatment practices. Therefore,
further rationale for selection of the plant sites is presented under
Section VII - Control and Treatment Technology.

Coke Making - By-Product Operation

General process and water flow schematics of a typical by-product coke
plant and associated light o0il recovery plant are presented on Figures 2
and 3.

Typical products from the carbonization of a metric ton of cocal are as
follows:

Gas 336 cu. m. (12,000 cu ft)
Tar 38 1 (9.2 gai)
Ammonia 191 (4.6 gal)

Tar Acids 95 1 (23 gal)
Hydrogen Sulfide 21 1 (5 gal)

Light 0il 11 1 (2.6 gal)

Coke 636 kg (1,400 1b)
Coke Breeze 95 kg (210 1b)

Raw waste loads for by-product coke plants may vary due to the nature of
the process, water use systems, moisture and volatility of the coal, and
the carbonizing temperature of the ovens. Minimum and maximum values
for plant effluents in the study ranged from 167-18,800 1/kkg (40 -
4,150 galston) coke produced.

The most significant liquid wastes produced from the coke plant process
are excess ammonia liquor, final cooling water overflow, 1light oil
recovery wastes, and indirect cooling water. 1In addition, small volumes
of water may result from coke wharf drainage, quench water overflow and
coal pile runoff.

The volume of ammonia liquor produced varies from 100 tc 170 1is/kkg (24
to 41 gals/ton) of coke produced at plants using the semi-direct ammonia
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recovery process to 350 o 500 1l/kkg (84 +to 127 galston) for the
indirect prccess. This excess flushing 1liquor 1is the major single
scurce of contaminated water from coke making.

Indirect (noncontact) cooling water 1s not normally considered waste but
leaks in coils or tubes may contribute a signiticant source of
pollution.

Direct contact of the gas in the final cooler with sprays of water
dissolve any remaining soluble gas components and physically flush out
crystals of condensed naphthalene, which is then recovered by skimming
or filtration. This final coocler water becomes so highly contaminated
that most plants must cool and recirculate this water. When a closed
recycle system is not used, this waste water may exceed the raw ammmonia
liquor as the source of Ligh contaminant loads.

Condensed steam from the stripping operations and cooling water
constitute the bulk of liquid wastes discharged to the sewer. Light o0il
recovery wastes will vary with the plant process. Flows may vary from
2,100 to 6,300 1/kkg (500 to 1,500 galston) of coke at plants which
discharge cooling once-through water to one 125 to 625 1/kkg (30 to 150
galston) where cooling water is recycled. Effluent from the light oil
recovery plant contains primarily phenol, cyanide, ammonia, and oil.

The quenching of coke requires about 2,100 liters of water per kkg of
coke (500 gals/ton). Approximately 35 percent of this water is
evaporated by the hot coke and discharges from the quench tower as
steam.

A delicate Dbalance is struck in quenching. Most o©of +the fire is
quenched, but enough heat should remain in the cocke mass to evaporate
the water trapped within the ccke lumps. Quench station runoffs are
collected in a settling basin where coke fines are recovered 1for other
mill uses. The clarified water is recirculated to the quench tower.
Evaporative losses, which are obviously quite high, are continuously
made up. Past practices have often disposed of contaminateda waste
waters as make-up to quenching operations, but strong objections from an
air pollution standpoint have been voiced. Also, wvarious studies
indicate that metal corrosion in the vicinity of quench stations using
contaminated make-up is accelerated to the point where replacement costs
should actually be charged against this method of eliminating
contaminated discharges. Further disadvantages accrue in the blast
furnace operations when coke quenched with contaminated waste water 1is
charged to the furnace, increasing the pollution potential of the gas
washer waters. Future quenching operations should utilize total recycle
of quench wastes, with only fresh water make-ups.

Coke wharf drainage and stock pile runoff constitute a minor but

nuisance type pollutant. These areas are generally trencned and the
waste waters do not enter a receiving stream.
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Table 17 summarizes the net plant raw waste 1lcads for <the plants
studied. Raw waste loads are presented only for the critical parameters
which include ammonia, BOD5, cyanide, o0il, phenoli, sulfide, and
suspended solids.

Beeahive Coke Subcateqory

General process and water flow schematics of typical beehive coke plants
are presented on Figures 4 and 5. The keehive produces only coke and ro
other by-products are recovered. Water is used only for coke quenching.

Raw waste loads for the beehive will vary due to coking tims, water use
systems, moisture and volatility of the <coal, ana carbonizing
temperature of the ovens. However, the raw waste is arfected most by
the type of water use systems, that 1s once-through or recycle. Test
data indicated that with a recycle system, the net plant raw waste loads
after quenching are less than the recycled water tnat 1is wused for
quenching. Minimum and maximum values for plant effluents in the study
ranged from 0 to 2,040 1/kkg (0 to 490 galston) coke produced.

Table 18 summarizes the net plant raw waste loads for the plants
studied. Raw waste loads are presented only for the critical parameters
which include ammonia, BODS5, cyanide, phenol, and suspended solids.

Burden Preparation Operation

General process and water flow schematics of +typical sintering,
pelletizing, and briquetting plants are presented on Figures 6,7,8,9,10
and 11, Only sintering plants were investigated in this study as no
pelletizing and briquetting plants are in operation at this time.
Several plants are due on line in 1974.

Raw wastes from the sintering process emanate from the material handling
dust control equipment and the dust and volatized oil in the process
gases. Most plants built today have incorporated fabric type dust
collectors in this process. Therefore, newer plants generally have no
aqueous discharge from the sintering operation. However, an attempt was
made for this study to investigate several plants that utilized wet
scrubbers and generated waste water. Ancther problem that compounds the
issue is that the sintering wastewaters are generally tied in with the
blast furnace wastewaters for treatment. This will be aiscussed in more
detail in Section VII - Control and Treatment Technology.

The raw waste loads generated from the sintering operation are primarily
dependent on the type of fume collection system installed. The fume
collection systems are generally divided into two separate independent
exhaust systems. One exhaust system serves the hot sinter bed, ignition
furnace, sinter bed wind boxes, etc., while the other system serves as a
dedusting system for sinter crushes, sinter fines convayors, raw
material, storage bins, feeders, etc.
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TABLE 17

Characteristics of By-Product

Coke Plant Wastes

Net Plant Raw Waste Load

c

154
7330
1120
91
101
910
197

Plants

Characteristics a B
Flow, l/kkg 580 530
Ammonia, mg/1l 1900 1380
BODs, mg/1l 1550 1280
Cyanide, mg/1l 102 110
0il and Grease, mg/l - 240
Phenol, mg/1l 450 350
Sulfide, mg/1 - 629
Suspended Solids, mg/1 - 36

*Concentrations are low due

once-thxough cooler
cyanide.

TABLE 18

Characteristics of Beehive

Net

Characteristics

Flow, 1l/kkg

Ammonia, mg/l

BOD5, mg/l

Cyanide, mg/1

Phenol, mg/1l

Suspended solids, mg/l

Coke Plant Wastes

421

Plant Raw Waste Load
Plants

E E*
2040 2040
0.33 0
3.00 0
0.002 0
0.011 0

—_—— 29

to the addition of the final
stream which contained significant

722

*Unless a significant pick-up is found in a given constituent

in recycle systems, it is not possible to determine a

meaningful net raw waste load.

102



The sinter bed fume collection and exhaust systems also rurnish the
necessary combustion air to maintain the coke burning which fuses the
sinter mix bed on the moving sinter grates. The ignition furnace
initially ignites the coke in the sinter bed and the combustion air
maintains the burning of +the wmoving ked. The ignition turnaces are
tired by natural gas or fuel oils. The combustion air is drawn down
through the sinter bed and hot gases and particulate are then exhausted.
Any heavy sinter fines materials falling through the sinter grates are
gravity settled in the wind box hoppers are discharged to the sinter
fines 1return conveyor for reprocessing. The combustion exnaust systems
reguire large quantities of air and generally dxry electrostatic
precipitators are installed at the charge end of sinter macnine tTo clean
the hot exhaust gas.

Table 19 summarizes the net plant raw waste loads tor the plants
studied. Raw waste loads are presented only for the critical parameters
which include fluoride, oil, sulfide, and suspended solids.

Blast Furnace Operations

General process and water flow schematics of typical blast furnace
operations are presented on Figures 12,13,14 and 15. The typical blast
furnace requires:

a. 2 kkg of ore,

b. 0.5 kkg of coke,

C. 0.5 kkg limestone,

d. 3.5 kkg of air,
to produce

a. 1.0 kkg iron,

f. 0.5 kkg slag, and

g. 5 kkg of blast furnace gas.
The blast furnace has two basic water uses, cooling water and gas washer
water. The blast furnace requires the continuous circuiation of cooling
water through hollow plates built into the walls of the bosn and stack.
Without such c¢ooling, a furnace wall would quickly buxn through.
Furnace cooling water approximates 21,000 1l/kkg (5,000 gals/ton). The
most significant parameter from this source is heat pick-up ranging from

2-89cC.

The principal waste waters result frcm the gas cleaning operation which
is performed for two basic reasons. The primary reason for cleaning the
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gas is to allow its use as a fuel. The other reason 1s to prevent a
considerable air pollution problem which would otherwise result. Gas
washer water may range from 6,300-17,C00 i/kkg (1,500 - 4,100 gal/ton)
depending upon the type of washer used. These waste waters contain
significant concentrations of cyanide, phenol, ammonia, sulfide, and
suspended solids. The waste waters from ferromanganese furnaces have
much higher concentrations cf cyanides than do wash waters from iron
furnaces.

The suspended solids in blast furnace gaswasher water result trom the
fines in the burden being carried out in the gas. The quantities depend
upon the operation of the furnace and the nature of the burden. Oiis
can be vaporized and carried into the gas when metal turnings are part
of the charge. Phenols, cyanides, and ammonia originate in the coke and
are particularly high if the coke has been gquenched with waste waters or
if the coke has not been completely coked. Cyanides are generated in
the Dblast furnace in the reducing atmosphere from carbon from the coke
and nitrogen from the air; cyanide formation is particularly high at the
higher temperatures of a ferrcmanganese furnace.

Table 20 summarizes the net plant raw waste loads for the iron making
blast furnaces studied. Takle 21 presents comparabie data for the
ferromanganese furnace. Raw waste loads are presented only for the
critical parameters which include ammonia, cyanide, o©il, phencl, and
sulfide with manganese added to the ferromanganese furnace.

Steel Making Operations

The steelmaking process produces fume, smoke, and waste gases as the
unwanted impurities are burned off and the process vaporizes or entrains
a portion of the molten steel into the off-gases. Wastewater results
from the steelmaking processes when wet collection systems are used on
the furnaces. Spray cooling, quenching, oxr the use of wet washers
result in waste waters containing particulates from the gas stream. Dry
collection methods through the use of waste heat boilers, evaporation
chambers, and spark boxes do not produce waste water effluencts.

Basic Oxygen Furnace Operation

General process and water flow schematics of +typical basic oxygen
furnace operations are presented on Figures 16,17,18,19 and 20.

The basic oxygen furnace has four main plant water systems:
a. Oxygen Lance Cooling Water System
b. Furnace Trunnion Ring Cooling Water System

<. Hood Cooling Water System
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TABLE 19

Characteristics of
Sintering Plant Wastes
Net Plant Raw Waste Loads

Plants
Characteristics H J
Flow, l/kkg 434 1420
Suspended Solids, mg/1 4340 19500
0il and Grease, mg/l 504 457
Fluoride, mg/1 0.644 -14.9
Sulfide, mg/1 188 64.4

TABLE 20

Characteristics of
Fe-Blast Furnace Plant Wastes
Net Plant Raw Waste Loads

Plants

Characteristics L M N 0
Flow, 1/kkg 22500 8050 14000 13000
Ammonia, mg/1l 1.41 3.91 9.75  12.3
Cyanide, mg/1 1.44 £.858 ~-0.241 _4 031
Phenol, mg/1 0.578 -0.643 0.530 0.0853
Suspended Solids, mg/1l 1720 651 307 1170
Fluoride, mg/1 0.454 0.044 2.16 -2.59
Sulfide, mg/1 4.34 38.8 0.443 -1.14
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d. Fume Collection Cooling Water System

The oxygen lance cooling water system is either a "once thanrougn" or a
"closed recirculating" system. The resultant aqueous discharge from the
"once through" system 1is heated cooling water, generally with a
differential temperature increase cf 11-17°9C. The water rate of these
systems range from 30-93 l/sec (7.9 - 25 gal/sec).

The aqueous discharges from the "closed system" is tne neated cooling
water used on the tube side of the shell and tuke heater changes. This
cooling water can either be once through cr can be interconnected with
the hood cooling water system. Water rates and temperature rises are in
the same range as the "once through" system.

The furnace trunnion ring cooling water system is generally a “once
through"® system with an aqueocus discharge of heatea water with a
differential temperature increase of 22°C. These cooling systems are
being added to existing shops in order to reduce the thermal stresses
and warping of the heavy fabricated steel plate trunnion rings. Water
rates range 13-26 l/sec (3.2 - 6.1 gals/sec) continuous rate.

The hood cooling water system depends upon the type ©f hood eguipment
selected for the process. Basically, there are three <types of hoods,
water cooled plate panel, water tube hood, or steam generating hood.
The hoods serve as combustion chambers as well as means for conveying
the combusted gasées to the fume collection system. As tne pure oxygen
is blown above the molten iron bath, the carbon in the bath 1s oxidized
to carbon monoxide (CO) which is emitted from the furnace mouth. Since
the gases approximate temperxatures of 1,540-1,590°C and come in contact
with air above the furnace and at the hood mouths combustion wilil occur,
hence the CO gases are burned to CO2.

The water cooled plate panel hood cooling water system is generally a
recirculating type using induced draft cooling towexr with cnemical
treatment. The water rates for these hoods vary from 3:20-350 i/sec (84
- 260 gal/sec) with water temperature increase of 11°9C to 17°9C. Make-up
water is added to the system to compensate for cooling tower blowdown,
evaporation loss and panel leakage. These systems operate under a
relatively low water pressure of 4 to 8 atmospheres. It good quality
and water gquantity is available, "once through" cooling systems are
sometimes employed. Plate parnel hoods are fabricated in independent
panels of sandwich construction for the water passageways and are
grouped together to form a hood. The panels are relativeiy loose-
fitting and therefore afford greater air leakages into the fums
collection systems.

The water tube hood is of gas-tight construction fabricated from heavy
w'lled tubing. These hoods can be operated at highexr water pressures
;7 temperatures than the plate panel hoods. The water cocling sSystems
e “hese hoods are generally "closed recirculating" using induced draft
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cooling towers or if operating at high préessures, evaporative coolers
and heat exchangers are used. The pressures vary from 8 atmospheres to
18 atmospheres. These types of hoods are used with the special type
fume collection system identified as "OG" or "OFF-GAS" system. In this
+ype of fume collection system, the hood 1is capped tightly on the
furnace mouth, thus preventing comkustion <¢f CO gases. The aqueous
discharge from this system would be blcowdown, or heated cooling water if
"once through" cooling were used.

The steam generating hoods are high pressure waste heat boilers which
used the combustion heat for generating steam. These systems operate in
a range of 28 to 62 atmospheres steam. Only about 2<% of the heat
generated is wused in steam generation, but some plants have additional
economizer sections for greater heat transfer efficiency. The aqueous
discharge from the steam generator hood is boiler blowdown. Some plants
install steam accumulators to even out the cyclic steam production rate
while others condense the steam in air/water heat exchangers and
recirculate.

The type of fume ccllection system and hood cooling system selected is
not only dependent upon capital cost but alsc equated on other plant
characteristics such as operating costs, plant location, availability of
resources (power, water, etc.), and available pclliution abatement
equipment (such as existing central water treatment facilities), etc.

The fume collection systems can range from a ccmplete dry precipitator
to semi-wet to wet high enerqgy venturi scrubber systems. Each
particular fume collection system has advantages in relation +to the
plant characteristics.

The dry type precipitator system usually emrloys a steam generating hood
equipped with a refractory 1lined evaporation chamber. The aqueous
discharge from this fume collection system 1is zero except for hood
blowdown. As the hot gases (1,300°C) exit from the steam generating
hood, water sprays condition the gas temperature to 260°9C at the
evaporative chamber outlet. The evaporation chamber (approximately 9 m
diameter x 18 m high) (approximately 10 x 20 yds) provides the required
retention time to allow the water sprays to evaporate and mix with the
hot gases and reduce the temperature. The precipitator system requires
a minimum of 100% excess air be introduced in the system to insure
minimum non-combusted CO carryover to precipitators. Generally, these
systems will yield a 1-2% CO content in the exhaust gases. The semi-wet
system employs a precipitator too, except the gases are conditioned to
2609C by means of a spark box spray chamber. The spark box spray
chamber utilized an excessive spray water system. The retention time is
much 1less in the spark box. Therefore, in order to condition the gases
to the proper temperature, more water is sprayed into tne system than
can be evaporated. This results in an aqueous discharge from the spark
box. Generally, plate panel hoods with 200-300% excess air are employed
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with these systems. These systems are less capital cost than steam
generating with spray chambers.

The aqueous discharge is hot water ranging in temperatuie from 82-88°C
and containing suspended solids of iron oxides (Fe203, FeO) and fluxing
materials, lime, etc.

An alternate system to the spark-box spray or dry evaporation chamber
system is to install a wetted wall type evaporation chamber. A wetted
wall evaporation chamber contains no refractory lining, but uses a water
wetted steel surface as +the heat zresistant medium. These chambers
require large quantities of water to insure that the steel surtaces do
not bescome overheated.

The wet high energy venturi scrubber fume collection systems generally
use steam generating type hoods close coupled with a low enexrgy fixed
orifice quencher. As +the hot gases exit from the hood, tne gases are
immediately quenched from 1509C to 83°cC.

The gases are hotter exiting from the hood on a wet scrubber system
because the maximum excess air admitted to the system is approximately
50% versus the 100-200% for precipitator systems.

The reasons for this are to reduce hp consumption and stilil maintain a
minimum residual of CO in fume collection gases. Sometimes to further
reduce wet fume collection system horsepower requirements, large self-
contained cooling towers are added to the system to reduce the gas
temperatures further from 83°C saturated to U439C saturated. As the
gases are saturated, the cooling is accomplished by strictly gas to
water contact and heat transfer.

The cooling towers are checker krick lined enclosed cylinarical steel
towers 9 m in diameter by 24-27 m high (approximately 10 by 28 yds). As
these cooling systems are installed on the clean gas side of the venturi
scrubbers, the cooling waters are recycled after passing tnrough remote
induced draft cooling towers with chemical treatment. Make-up water is
added to compensate for evaporation loss, blowdown, cooling tower drift,
etc.

These systems could be "once through" if quantities of clean water are
available.

An alternate wet system to the venturi scrubber system is the wet gas
washer and disintegration system. This system has a limited use due to
the large volume and horsepower required to operate tne disintegrator.
Disintegrators operate in the range of 154 to 1,820 cu-m/min (5,440 to
65,000 cu ft/min) at 450 kw which would require six to seven units for
an average 180 kkg (200 ton) basic oxygen furnace.
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The off gas system wuses this similar quencher and venturi scrubber
similar to the open hood combustion type system. The OG system 1is a
sealed system for handling CC gases. The gases are either flared
(burned) at the outlet stack or stored for fuel purgoses. The CO gas
heating value is 19,800 kg cal/ cu m (554 kg cal/cu ft).

Efficiency wise, it 1is more conducive to collect tne CO and fire a
standard boiler (80% efficiency versus 22%) rather than the waste heat
steam generating hoods.

Table 22 summarizes the net plant raw ‘waste loads for the plants
studied. Raw waste loads are presented only for the critical parameters
which include fluoride and suspended solids.

Open_Hearth Furnace Operation

Genexral process and water flow schematics of open hearth operations are
presented on Figures 21,22 and 23.

The open hearth process has two plant water systems:
a. Furnace cooling
b. Fume collection water system

The furnace cooling water ssystems are generally limited to the furnace
doors. These systems are "“once through" cooling systems with heated
aqueous discharges of 17-22°C differential temperature.

Either wet high energy venturi scrubber systems or ary precipitator
systems are installed on open hearth shops. The hot gases to the
precipitator systems are conditioned by either passing the gases through
evaporation chambers or through waste heat boilers, reducing the gas
temperature from 870°C to 2609C. Because the open hearth furnaces are
fired wusing many available fuels, nitrous oxides and sulfur oxides are
present in the waste gas streams.

The aqueous discharges from precipitators are zero except for any waste
heat boiler blowdown.

The aqueous discharges from the high energy venturi scrubber system are
scrubbing waters from the primary quenchers.

Table 23 summarizes the net plant raw waste loads z1or the plants
studied. Raw waste loads are presented only for the critical parameters
which include fluoride, nitrates, suspended solids, and zinc.

" Electric_Arc_Furnace Operation
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TABLE 21

Characteristics of
Fe-Mn Blast Furnace Plant Wastes
Net Plant Raw Waste Loads

Plant
Characteristics Q
Flow, l/kkg 32200
Ammonia, mg/1 114
Cyanide, mg/1 23.6
Phenol, mg/1 0.130
Suspended Solids, mg/1l 5000
Sulfide, mg/1l ~2.66
Manganese, mg/1l 833
TABLE 22

Characteristics of
BOF Steelmaking Plant Wastes
Net Plant Raw Waste Loads

Plants
Characteristics R S T U v
Flow, 1/kkg 542 4270 2570 3040 1380
Fluoride, mg/1l -~ - 10.9 .36 2.76
Suspended solids, 321 180 3730 396 5330
mg/1
TABLE 23
Characteristics of Open Hearth
Plant Wastes
Net Plant Raw Waste Loads
Plants
Characteristics W X
Flow (l/kkqg) 2530 2290
Suspended solids, mg/1l 388 3880
Fluoride, mg/1l 21.4 16.2
Nitrate, mg/l 20.2 33.2
Zinc, mg/1l 2.06 880
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General process and water flow schematics of electric furnace operations
are presented on Figures 24,25,26 and 27.

The electric furnace has two main plant water systems:

a. Electric Arc Furnace door, electrode ring, roof ring, cable and
transformer cooling water system.

b. Fume collection colling water system.

The Electric Arc Furnace cooling water systems for the roof ring,
electrode ring, and door cooling is generally a "once through" system
but can be a "closed recirculating®" system. The resuitant agueous
discharge from these cooling systems is heated cooling water, generally
with a temperature increase of 17-22°C.

The type of cooling water systems applied to the electric arxc furnace
are dependent on furnace size. The smaller tonnage furnaces ao not have
roof ring cooling, door cooling, e€tc. The type of fume collection and
hood exhaust system is not only dependent upon capital cost put also
equated on other plant characteristics such as operating cost, plant
location, availability of resources (pcwer and water), and available
pollution abatement facilities. The fume collection systems range from
a complete dry to semi-wet to wet high energy venturi scrubbers. Each
system has advantages in relation to plant characteristics.

The dry fume collection system consists of baghouses witn lccal exhaust
or plant rooftop exhaust hoods. The aqueous discharges from these
systems are zero. The local hoods are located at tne socurces of fume
géneration (door, electrode openings, etc.). Enough cooling air 1is
drawn into the hoods to temper the hct gases for a baghouse operation,
£0 approximately 1359C. The rooftop exhaust system exaausts the entire
furnace shop.

The semi-wet system employs a spark box or spray chamber to condition
the hot gases for either a precipitator or baghouse. A spark box 1is
generally wused with a precipitator system and a spray chamber for a
baghouse system. The spark box conditions the gases to 2009C while
spray chamber conditicns gases tc 1359C. The aqueous discharge from
these systems is controlled and treated with similar systems as used on
the spark box chamber on the kasic oxygen furnaces. A water cooled
elbow is used as the exhaust ductwork and is directly connected to the
electric furnace roof. The aqueous discharge from the water cooled
elbow is heated cooling water. The systems are generaliy "once through"
with temperature differential of 17-22°C in cooling waters.

The wet high energy venturi scrubber fume collection systems use the
water cooled elbow for extracting the gases from the electric arc
furnace. Combustion air gaps are always left between the water cooled
elbow and fume collection ductwork to insure that all the CO gas burns
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TABLE 24

Characteristics of
Electric Furnace Plant Wastes
Net Plant Raw Waste Loads

Plants
Characteristics Y Z AA
Flow, 1l/kkg 406 1.01 1250
Fluoride, mg/l -28.7 - 14.8
Suspended Solids, 863 77.4% 2160
mg/1
zinc, mg/1l 13 - 405
TABLE 25
Characteristics of
Degassing Plant Wastes
Net Plant Raw Waste Loads
Plants
Characteristics AC AD
Flow, 1/kkg 3750 813
Suspended Solids, mg/l 23.2 70.7
Zinc, mg/1 2.01 7.76
Manganese, mg/l 5.72 13.3
Lead, mg/1 0.471 1.39
Nitrate, mg/l 25.3 3.03

TABLE 26

Characteristics of

Continuous Casting Plant Wastes

Net Plant Raw Waste Loads

Characteristics

Flow, 1l/kkg

Suspended Solids, mg/1
0il and Grease, mg/l

Plants
AE AF
17100 6172
7.87 74.0
20.5 22.0
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t0 CO2 before entering the high energy venturi scrubber or any other
fume collection cleaning device. As the hot gases pass through the
scrubber, the gases are conditioned and cooled to 839°C. An aqueous
discharge is produced that is similar to the basic oxygen waste water.

Table 24 summarizes the net plant raw waste loads tor the plants
studied. Raw waste loads are presented only for the critical parameters
which include fluoride and suspended solids.

Vacuum_Degassing_Subcategory

A general process and water flow schematic of the <typical vacuum
degassing operation 1is presented on Fiqure 28. The vacuum degassing
process has two main water systems:

a. Flange cooling water system
b. Barometric condenser cooling water system

The vacuum degassing flange cooling water systems are generally "“once
through" cooling systems, with differential temperature increases of
l40C at an approximate cooling water rate of 12.5-25 1l/sec (3-6.1
gals/sec). The RH and DH vacuum degassing vessels have removable flanged
roofs for installation of new refractory linings when relined. The
flange cooling water aids in preventing warping of these rlanges.

The barometric condenser cooling water system is direct process contact
cooling where the water is used to condense the steam ejector exhausted
steam and gases that are emitted from <the molten steel. The wvacuum
produced in the degassing operation is by means of multi-stage steam jet
ejectors producing pressure down to 0.064 atmosphere. The degassing
operation removes hydrogen, carbcn and oxygen as carbon monoxide plus
any volatile alloys in the steel and some iron oxice particulate. After
degassing, deoxidizers and/or alloys are added to the moliten steel bath
to adjust chemistry to the steel specifications.

Table 25 summarizes the net plant raw waste loads for the plants
studied. Raw waste loads are presented only for the critical parameters
which include lead, nitrate, manganese, suspended solids, and zinc.

Continuous Casting Subcategory

A general process and water flow schematic of the typical continuous
casting operation is presented on Figure 29.

The continuous casting process has three main plant water systems:
a. Mold cooling water system

b. Machinery cooling water system
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c. Spray cooling water system

The mold cooling water system is generally a tignt "closed
recirculating" noncontact system using heat exchangers or evaporative
coolers as the cooling equipment. The cooling water aitferential
temperature rise 1is held tc approximately 6°C to maintain minimum
differential thermal expansion of the mold. A surge tank 1s installed
in the systems for addition of potable water make-up and/or chemical
treatment.

The casting molds are copper material, chrome plated and perform the
function of solidifying a hard skin around the molten steel as it passes
through the mold into the final spray cooling section. Theéere is no
blowdown for the closed system.

The machinery cooling water system is generally an "open recirculating"
noncontact system using induced draft cooling towers with chemical
treatment as cooling equipment. The cooling water diftferential «rise
across the machinery is approximately 1l4°C. The cooling side of the
heat exchangers of the mold cooling system is generally tied into the
machinery cooling water system.

The aqueous discharge from the machinery cooling water system is cooling
tower blowdown. The machinery cooling water system furnishes cooling
for the casting machinery (rolls, etc.) spray chambexr cooling plate
panels, cut-off torch cooling, etc.

The spray cooling water system is a direct contact water spray cooling
of the cast product. As the cast product (slabs, blooms, or billets)
emerge from the molds, the waste sprays further cool and harden a
thicker skin of the cast product.

Table 26 summarizes the net plant raw waste 1loads for the plants
studied. Raw waste loads are presented only for the critical parameters
which include o0il and suspended solids.

Ingot Casting

A general process schematic of the operation entailed in ingot casting
is presented on Figure 30. Generally, the only water usage associated
with 4ingot <casting is the srray cooling of the ingot molds in the mold
preparation and cleaning area.

The hot molds are sprayed with water to cool them and at the same time
knock off minor amounts of scale adhering to the mold surfaces. The
majority of the water used is evaporated in contacting the mold. Any
excess spray water, which 1is usually very minor, falls to the ground
where it generally evaporates Or permeates into the ground. Since this
water 1is generally good quality mill water containing relatively heavy
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fractions of scale, which collects on the surface of the grouna, its
permeation into the ground cannot be considered a source of pollution.

The excess spray water contacting the ground is generally so minor that
there is rarely, if ever, sufficient volume to cause an overland runoff
from +the area. If a zrunoff fproblem were to exist from excessive
spraying of the molds, any potential pollution problems, wnich would be
confined to suspended scale particles, could be better resolved by
tightening up on spray water usage rather than by providing treatment
for the runoff.

Pig Casting

As in the <case of ingot casting, the only water usage associated with
pig casting is for mold cooling.

As in the case of ingot casting, excess spray water is so minimal  that
there is rarely sufficient volume tc run off from an area. Excesgéspray
water falls +to the ground where it either evaporates or permeates into
the ground. Since lime is used as a mcld release agent in the pig
casting process, this minor excess water may be slightly alkaline.
However, the excess water is of such small volume and alkalinity so

slight, that the pollution potential of this stream is negligible.

As in the case of ingot casting, where significant runoffs trom the pig
casting area occur, they could best ke handled by tightening up on spray
water usage.

Slagging

Hot blast furnace slag 1is usually dumped into a large pit, open at one
end, to enable removal after quenching and quenchea and cooled to a
temperature at which it can be transported relatively safely to a final
disposal site or a slag processing plant.

During quenching of the slag, there is little or no actual runoff from
the site, the great majority of the water being evaporatea. As the slag
temperature is lowered, however, some excess quench water will remain
unevaporated. The quench pits are normally graded so that this excess
water will collect in the bottom of the pit rather than run off overland
from the site. Once the cooled slag is removed for final disposal, the
poocled water laying in the bottom of the guench pit wili remain and be
flashed off by the next hot slag charge.

However, during this period of slag cooling, some of the excess gquench
water may permeate 1into the ground, thus constituting a subsurface
discharge.

Samples of pooled quench water after contact with the slag, indicate
that this is a highly alkaline (1,067 mg/1 M.O. Alkalinity) waste water,
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low in suspended matter, but high in dissolved solids probably in the
form of calcium and magnesium sulfates, sulfides, and sulfites (890 mg/1l
so4=, 499 mgs1 s-, and 1,560 mgrs1 S03-). The main source of the
alkalinity is probably calcium carbonate leached out of the slag.

Although the actual amounts of undesirakle contaminants permeating into
the ground is highly variable, depending upon the amount of excess
gquench water used, the time any pooled water may be allowed to permeate,
and the general soil permeability at the quench site, certain conditions
might produce undesirable subsurface discharges.

These potentially undesirable discharges could be eliminated if these
quench pits were to have an impermeable lining such as concrete or some
other suitable material. Excess quench waters would then remain in the
quench pit until such time as they are evaporated by the next hot slag
charge. In fact, concrete-lined slag pits do exist at some plants where
the slag quench station is in the immediate vicinity of the blast
furnace. This is done in order to prevent soil removal during quench
pit cleaning and possible weakening of the blast furnace foundation.
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SECTION VI

SELECTION OF POLLUTANT PARAMETERS

Introduction

The selection of the control parameters was accomplished by a three step
process. First a broad list of polluted parameters to ke testea for was
established. Second, the 1list of anticipated control parameters and
procedures for <check analyses of these critical parameters was
established. Thirdly, the data from the field sampling program was
evaluated to establish the need to deviate from the anticipatea 1list
based on the field experience.

Broad List of Pollutants

Prior +to the initiation of the plant visiting and sampling phase of the
study it was necessary to establish the 1list of pollutant parameters
that was to be tested for in each type of waste source. These
parameters were selected primarily on the basis of a knowledge of the
materials wused or generated in the operations and oan the basis of
pollutants known to be present as indicated by previously reported
analyses., The purpose of the broad 1list was to identify those
pollutants present in a significant amount but not normally reported or
known to be present to such an extent. The parameters that may be
present in steel industry waste water streams are presented 1in table
form by operations as follows:

Table 27 - Coke Making Operations

Table 28 - Sintering Subcategorys

Table 29 - Blast Furnace Operations

Table 30 - Steel Making Operations

Table 31 - Vacuum Degassing Sukcategorys
Table 32 - Continuous Casting Sukcategorys

Rationale for Selection of Control Parameters

On the basis of prior analyses and experience the major waste water
parameters that are generally considered of pollutional significance for
the raw steel making operations cf the iron and steel industry include
ammonia, BOD5, cyanide, phenol, o0il and grease, suspended solids and
heat. Other parameters, such as chloride, are present in significant
amounts but were not established as control parameters because their
presence in the effluent is not as significant and the cost of treatment
and technology for removal in these operations 1is considered to be
beyond the scope of best practicable or best available technology. 1In
addition, some parameters cannot be designated as control parameters
until sufficient data is made available on which to base effluent
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limitations or wuntil sufficient data on treatment capabilities is
developed.

The concentration of iron appearing in the effluent is a function of the
chemical form in which it is present and on the pH and temperature of
the effluent. 1In the raw steel making cperations the ircn is present in
the very insoluable oxide form and on this basis scluble 2i1ron did not
need to be establised as a control parameter for these cperations. The
suspended solids 1limitations places a 1limit on <the iron present
insoluble form.

Standard raw waste loads and guidelines are developed only on the
critical parameters which were starred in the tables. Multiple analyses
of these anticipated control parameters was provided for to give added
accuracy to the data.

Selection of Additional Control Parameters

The plant studies indicated that consideration should be given to
including additional parameters as control parameters in certain
subcategories because of the quantities found or likely to be present
and the pollutional significance of the material. These parameters are
enumerated in their <respective subkcategories and include sulfide,
fluoride, nitrate, zinc, lead, and manganese.

Selection of Critical Parameters by Oreration

The rationale for selection of the major waste parameters for the steel
industry is given below. The raticnale for selection of the major waste
parameters for the steel industry is given below.

Coke Making Operations

The principal 1liquid wastes in coke making originate from the ammonia
liquor, coke quenching effluents, kenzol plant decant waters and final
cooler waters. These waste streams contain phenols, cyanide, BODS,
ammonia, sulfide, suspended solids, and oil.

Sintering Subcategory

The dust produced from the sintering plant operation is frequently
recovered through the use of wet washers operating on the exhausts of
hoods and building ventilators. This wastewater is proauced as a result
of air pollution abatement measures and occupational health and safety
precautions. These waste waters may contain significant amounts of
suspended matter, oil, sulfide, and fluoride. The source of these con-~
taminants is dependent upon the variety of materials that are a part of
the sinter mix.

Iron Making Operations
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The principal waste waters sources from the blast furnace operation are
waters used in washing the exit gases free of suspenaed matter and
noncontact cooling of the blast furnace hearth and sheli. The gas is
also cleaned to allow its wuse as a fuel. In addition to furnace
operating conditions, a carryover in the coke may also result in
pollutants that were prevalent in the c¢oke making waste waters.
Therefore, iron making blast furnace waste waters may contain ammonia,
cyanide, phenol, suspended solids, and sulfide. The ferromanganese
furnace will contain manganese in addition to the normal parameters
inherent in the typical iron making furnace.

Steelmaking Operations

The waterborne wastes from the steelmaking operations result from
scrubbing of the gas stream with water to prevent air pollution and for
nencontact cooling. Hence, basic oxygen and electric furnace waste
waters may contain suspended solids and fluorides. Fluorspar, one of
the basic raw materials in steelmaking, is the source of fluorides. The
open hearth, due to the nature of its scrap mix will also contain zinc
and nitrates may result due to the huge volumes of excess air that is
used to provide better combustion.

Vacuum_Degassing Subcategory

In the vacuum degassing process, steel is further refined by subjecting
the steel in the ladle to a high vacuum in an enclosed retractory lined
chamber. Steam jet ejectors with karometric condensers are used to draw
the wvacuum. In the refining process certain alloys are added which may
be drawn into the gas stream. 1In addition, the system 1is purged with
nitrogen so as to have no residual CO. Therefore, the wastewater
products from this operation are ccndensed steam and waste water
containing suspended solids, zinc, manganese, lead, and nitrates.

Continuous_cCasting_Subcategqory

Wastewaters from the continucus casting operations result from washing
scale from the surface of the steel with spray water. Therefore,
continuous casting waste waters may contain significant quantities of
suspended matter and oil. The mold cooling and machine cooling systems
are usually closed systems and the water picks upr only heat.
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TABLE 27
I. COKE MAKING - BY PROLCUCT OPERATION

IXI. COKE MAKING - BEEHIVE OPERATION

PARAMETERS
Acidity (Free and Total) Nitrogen, Kjeldahl
Alkalinity (Pht. and M.O.) *0il and Grease
*Ammonia *pH
Berylium *Phenol
*BODS Sulfate
Chloride *Sulfide
COD *Suspended Solids
Color Thiocyanate
*Cyanide, Total TOC
Dissolved Solids Total Solids
*Flow Turbidity
Heat T.0.N.
Mercury
TABLE 28
III. SINTERING OPERATION
PARAMETEES

Acidity (Free and Total) Manganese
Alkalinity (Pht. and M.O.) Mercury
Aluminum *¥*0il and Grease
Berylium *pH
Chloride Phosphorus, Total
COD Potassium
Colorxr sodium
Dissolved Solids Sulfate
*Flow *sulfide .
Fluoride *Suspended Solids
Hardness, Total TOC
Heat Total solids
Iron, Total T.O.N.

*Indicates parameters on which standard raw waste load
was developed.
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TABLE 29
IV. BLAST FURNACE - IRON MAKING OPERATION

V. BLAST FURNACE - FERROMANGANESE OPERATION

PARAMETERS

Acidity (Free and Total) Nitrate
Alkalinity (Pht. and M.O.) Nitrogen, Kjeldahl
Aluminum 0il and Grease
*Ammonia *pH

Berylium *Phenol

BODS Phosphorus, Total
Chloride Potassium

COD Sodium

*Cyanide, Total Sulfate

Dissolved Solids *Sulfide

Flow *Suspended Solids
Fluoride Thiocyanate
Hardness, Total TOC

Heat Total Solids
Iron, Total Color

**Manganese T.O.N.

*Indicates parameters on which standard raw waste load
was developed.

**Indicates additional parameter on ferromanganese
furnace.
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TAELE 30

VI & VII. BASIC OXYGEN FURNACE OPERATION

VIII. OPEN HEARTH FURNACE OPERATION
IX & X. ELECTRIC ARC FURNACE OPERATION
PARAMETEES
Acidity (Free and Total) Merxcury
Alkalinity (Pht. and M.O.) *%*Nitrate
Aluminum O0il and Grease
Color *pH
Copper Phosphorus, Total
Dissolved Solids Silica, Total
*Flow Sulfate
*Fluoride Sulfide
Hardness, Total Sulfite
Heat *gSuspended Solids
Iron, Total Total Solids
Lead **7inc
Manganese T.0.N.

*Indicates parameters on which standard raw waste load
was Developed.

**Indicates additional parameters on open hearth
steelmaking.

122



TABLE 31

XI. VACUUM DEGASSING OPERATION

PARAMETERS
Acidity (Free and Total) Mercury
Alkalinity (Pht. and M.O.) *Nitrate
Aluminum Cil and Grease
Color *rH
Copper Phosphorus, Total
Dissolved Solids Silica, Total
*Flow Sulfate
Fluoride Sulfide
Hardness, Total Sulfite
Heat *Suspended Solids
Iron, Total Total Solids
*Lead *¥Zinc
*Manganese T.0.N.

TABLE 32

XII. CONTINUOUS CASTING OPERATION

PARAMETERS

Acidity (Free and Total) Mercury
Alkalinity (Pht. and M.O.) Nitrate

Aluminum *0il and Grease
Color *pH

Copper Phosphorus, Total
Dissolved Solids Silica, Total
*Flow Sulfate

Hardness, Total Sulfide

Heat Sulfite

Iron, Total *Suspended Solids
Lead Total Solids
Manganese Zinc

T.O.N.

*Indicates parameter on which standard waste load was
developed.

123



SECTION VII

CONTROL AND TREATMENT TECHNOLOGY

Introduction

Plant studies were conducted 1in each subcategory at plants that were
deemed to be the best relative to performance levels attainea by their
treatment facilities. The plants visited were selected by the EPA from
the candidate plants listed in Table 15. Table 33 presents a brief
summary of treatment practices employed at all plants visited in this
study and shows the variability of treatment techniques employed in the
industry. Included in each subcategory are tables presenting the size,
location, and ages of the plants that were visited.

Range and Permutations of Treatment Technology and Current Practice as
Exemplified by Plants Visited During the Study

In each subcategory, a discussion 1is presented on the full range of
technology employed within the industry followed by a discussion on the
treatment practices, effluent loads, and reduction benefits at the
plants that were visited. The effluent is stated in terms of gross
plant effluent waste load.

Coke Making-By Product Operation

A variety of methods for treating coke plant wastes has been practiced
in the past, changing under the influence of economic conditions, and
increasing restrictions on effluent quality. The recovery of sodium
phenolate, ammonium sulfate or rhosphate, and light o©0ils has become
unprofitable for most coke plants in the face of competition trom other
industries, primarily petro-chemical. But at the same time, the need to
recover increasing amounts of these and other materials present in the
waste water has greatly increased if the plants expect to comply with
the effluent standards required to upgrade stream conditions. Processes
designed to recover percent quantities of pollutants may not be
effective in reducing waste loads to minute fractions of a pouna per ton
of coke produced, or fractions of a milligram per liter of water
discharged.

various degrees of treatment, wusually in the form of by products
recovery, have been practiced at different coke plants. 1In addition,
other techniques will need to be developed and perfected toO remove
objectionable parameters from wastes prior to discharge to streams. An
ultimate goal would be the total elimination of 1liquid wastes which have
contacted dirty gas streams, provided that no detrimental effects on air
or land use occur. A summary of the control and treatment technology
practiced for the by-product operations follows:
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